





Publication Number 420306587-001A 
Order No. 420306587-001 
July 1982 


SERIES/80 


BLC-80/24,-80/28 
Board Level Computer 
Hardware Reference Manual 


®1982 National Semiconductor Corporation 
2900 Semiconductor Drive 
Santa Clara, California 95051 



PREFACE 
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Ihe material contained in this manual is for information only and is subject to 
change without notice. 


MULTIBUS is a trademark of Intel. 


iii 



CONTENTS 



Chapter Page 

1 GENERAL INFORMATION 

1.1 INTRODUCTION.. 1-1 

1.2 GENERAL FUNCTIONAL DESCRIPTION . 1-3 

1.2.1 CPU Section..,...... 

1.2.2 I/O and Memory Decode Section ... 1-5 

1.2.3 Memory ....1-5 

1.2.4 Interval Timer Section .... 1-5 

1.2.5 Serial Input/Output Section .. 1-5 

^1.2.6 Parallel Input/Output Section... 1-5 

1.2.7 Interrupt Section ....1-6 

1.2.8 System Bus Interface ..1-6 

1.2.9 BLX Interface ........1-6 

2 SPECIFICATIONS 

2.1 INTRODUCTION...2-1 

2.2 PHYSICAL DIMENSIONS .....2-1 

2.3 FUNCTIONAL SPECIFICATIONS .2-1 

2.4 ELECTRICAL SPECIFICATIONS . 2-1 

3 DETAILED FUNCTIONAL DESCRIPTION 

3.1 INTRODUCTION.3-1 

3.1.1 BLC-80/24,-80/28 Signal Notation . 3-1 

3.2 OVERALL BLOCK DIAGRAM EHBSCRIPTION.....3-1 

3.2.1 CPU Section....3-1 

3.2.2 I/O And Memory Decode .3-15 

3.2.3 Memory .. 3-17 

3.2.4 Interval Timer .. 3-19 

3.2.5 Serial I/O...3-23 

3.2.6 Parallel I/O .3-33 

3.2.7 Interrupts . 3-35 

3.2.8 System Bus Interface... 3-43 

3.2.9 BLX Interface... 3-44 

4 SELECTABLE OPTIONS 

4.1 INTRODUCTION.4-1 

4.2 ROM/PROM/EPROM OPTIONS .4-1 

4.3 RAM CAPACITY AND ADDRESSING OPTIONS .4-5 

4.4 SERIAL INPUT/OUTPUT INTERFACE OPTIONS .4-5 

4.5 PARALLEL INPUT/OUTPUT INTERFACE OPTIONS . 4-5 

4.6 INTERRUPT MATRIX JUMPER CONFIGURATIONS .4-11 

4.7 INTERNAL TIMER JUMPER OOIS’IGURATIONS .4-11 

4.8 SYSTEM CLOCK JUMPER SELECTION . 4-11 

4.9 MULTIBUS INTERFACE JUMPER OPTIONS .4-28 

4.10 FAILSAFE TIMER SELECTION.4-28 

4.11 PONER FAILURE BATTERY BACKUP .4-28 


V 









































ILLUSTRATIONS (cont.) 


Chapter Page 

3-10 Synchronous Node Data ^te Configurations •••••••••••••••••••••..••. 3-29 

3-11 CoiBmand Instuction Format •••.•••••••••••••••••••••••••••••••••••••• 3-31 

3-12 PCI Status Read Command Format ......3-32 

3-13 8255 Mode Definition Control Word Format ....3-36 

3-14 Initialization Command Word One Format (ICW1} •••••••••••••••••••••• 3-40 

3-15 Initialization CommaiKl Word Tvo Format (ICW2) ..3-40 

3-16 Initialization Ccmmand Word Three Format (ICW4) .. 3-40 

3-17 Operation Ccmimand Word One Format (0CH1) . 3-41 

3-18 Operation Command Word Two Format (0CW2) . 3-41 

3-19 Operation Command Word Three Format (0CW3) .... 3-42 

5-1 BLC-80/24,-80/28 Edge Connectors and BLX Connectors ... 5-2 

A-1 BLC-80/24,-80/28 Logic Diagram..A-1 

B-1 BLC-80/24,-60/28 Assembly Drawing.....B-1 

C-1 BLC-80/24,-80/28 Jumper Configuration ..C-1 

D-1 Effect of Executing RIM and SIM Instuctions .. D-43 


TABLES 

Table Page 

2-1 BLC-80/24,-80/28 BOARD SPECIFICATIONS .. 2-3 

2-2 BLC-80/24,-80/28 DC POWER REQUIREMENTS .2-5 

2-3 BLC-80/24,-80/28 (CONNECTOR PI) DC CHARACTERISTICS . 2-6 

2-4 AUXILIARY SIGNAL (CONNECTOR P2) DC CHARACTERISTICS .2-8 

2-5 BLC-80/24,-80/28 BOARD PARALLEL I/O DC CHARACTERISTICS 

(CONNECTORS J1/J2) .. 2-9 

2-6 BLC-80/24,-80/28 BOARD AC CHARACTERISTICS AT 4.84 MHz .2-10 

2- 7 BLC-80/24,-80/28 Board AC CHARACTERISTICS AT 2.42 MHz .2-12 

3- 1 SIGNAL NOTATION...3-2 

3-2 MACHINE CYCLES ...3-6 

3-3 BIT STATUS ...3-7 

3-4 I/O PORT ADDRESS . 3-18 

3-5 ON>BOARD ROM/EPROM ADDRESSES ..3-20 

3-6 PIT REGISTER ADDRESSES .3-24 

3-7 MODE INSTRUCTION WORD BIT SIGNIFICANCE .3-30 

3-8 BAUD RATE FACTORS . 3-34 

3-9 PARALLEL PORT CONFIGURATIONS . 3-34 

3- 10 PARALLEL I/O INTERFACE CONFIGURATIONS .3-37 

4- 1 NUMERICAL FACTORY DEFAULT LISTING OF JUMPERS...4-2 

4-2 BPROM/ROM CONFIGURATIONS .......4-4 

4-3 EPROM JUMPER CONNECTIOI^ .4-6 

4-4 RAM JIMPER CONNECTIONS ..4-7 

4-5 SERIAL PORT HEADER LOCATIONS .4-9 

4-6 SERIAL PORT CONNECTIONS . 4-10 

4-7 LINE DRIVER AND TERMINATOR CIRCUITS .4-12 

4-8 PARALLEL PORTS E4-EA JUMPER CONNECTIONS . 4-13 

4-9 INTERRUPT MATRIX JUMPER CONNECTIONS .4-26 


vii 












































Chapter 1 


GENERAL INFORMATION 


1.1 INTRODUCTION 

The BLC-80/24 and BLC-80/28 Board Level Coraputers are 8-bit computer systems on a 
single printed circuit assembly. The BLC-80/24,-80/28 board includes an 4.84 MHz 
8085A-2 microprocessor unit (NPU), 48 programmable parallel I/O lines, one serial 
I/O port, one programmable Interval timer, and one programmable interrupt con¬ 
troller. Sockets are provided for a maximum of 32K bytes of read only memory 
(ROM)• The BLC-80/24 provides 4K bytes of on-board static random access memory 
(RAM) and BLC-80/28 provides 8K bytes of RAM. 

On-board I/O capabilities are expanded via two Board Level Expansion (BLX) bus 
connectors on the BLC-80/24,-80/28 board. These connectors allow any of the 
optional expansion modules to be used on the BLC-80/24,-80/28 board. The compon¬ 
ent side of the BLC-80/28 is shown in Figure 1-1. 

This manual provides information needed to operate the BLC-80/24,-80/28 Board 
Level Computer. For optimum application of this versatile board, read the entire 
manual before.attempting installation and operation. 

The manual is organized as follows: 

Chapter 1 provides an overview of the BLC-80/24,-80/28 board. 

Chapter 2 provides the physical, environmental, and electrical specifications. 

Chapter 3 describes the details of operation of the BLC-80/24,-80/28 board. 

Chapter 4 discusses the user selectable options and how to implement them in a 
system. 

Chapter 5 describes how the HLC-80/24,-80/28 board interfaces with other 
components in a system. 

Appendices contain logic diagrams, schematics and connector pin assignments for 
the BLC-80/24,-80/28 and an illustration incorporating tabular type information 
for the BLC-80/24,-80/28 jumper a>nfigurations. Also included in the Appendices 
is detailed information on the 8085 instruction set. 
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1,2 GENERAL FUNCTIONAL DESCRIPTION 





The BIx:-80/24,-80/28 is divided into the nine functional sections listed below. 
Figure 1-2 is a simplified block diagram of the BLC-80/24,-80/28. A brief dis¬ 
cussion of these functional sections is provided in the following paragraphs. 
Refer to Chapter 3 for more detailed information. 

1• CPU Section 

2. I/O and Memory Decode Section 

3. Memory 

4. Interval Timer Section 

5. Serial Input/Output Section 

6. Parallel Input/Output Section 

7. Interrupt Section 

8. System Bus Interface 

9. BLX Interface 

1.2.1 CPU Section 

The BLC-80/24,-80/28 board is controlled by an 8085A-2 microprocessor operating 
at 4.84 MHz. Processor support is provided by a 8224 Clock Generator/Driver and 
associated circuitry. l^e board can be jumpered to operate at 2.42 MHz, if 
necessary. 'Hiis section provides the following functions; 

1. CPU high level clocks and clock source for serial I/O timing. 

2. Address, control, and data signals for I/O ports and both on-board and 
off-board memory. 

3. Instruction decode and execution. 

4. Service of interrupt requests from both on-board and off-board sources. 

5. Establishment of WAIT states in response to slower memory or I/O 
devices• 


1-3 



1.2.2 I/O and Memory Decode Section 

The I/O and Memory decoders decode the 8085A issued addresses. One decoder is a 
PROM that generates enable signals for each I/O device being addressed. Another 
PROM decoder is used to select the RAM. 


1.2.3 Memory 

Up to 64K bytes of total system memory may be directly addressed by the 
BLC-80/24,-80/28. Of this amount, a maximum of 36K bytes may reside on-board the 
BLC-80/24 (4K RAM + 32K ROM). A maximum of 40K bytes may reside on-board the 
BLC-80/28 (8K RAM + 32K ROM). 

The on-board static RAM is implemented with 2K x 6, static RAM devices. These 
high-speed devices require only a +5 volt supply, and are therefore well suited 
for battery backup applications. 

The board will accept a wide variety of ROM, PROM, and EPROM devices. Either 
24-pin or 28-pin devices may be used. Refer to Chapter 4 for complete 
information. 


1.2.4 Interval Timer Section 

The on-board 8253 Programmable Interval Timer (PIT) is most often used for con¬ 
trolling on-board I/O and CPU interrupts. The PIT provides three independent 
counter outputs it^ich may be configured to a variety of applications, including 
frequency output, rate generator, interval timer and real-time interrupts. One 
of the counters serves as the baud rate clock for the on-board 8251 Programmable 
Communications Interface device. 


1.2.5 Serial Input/Output Section 

Serial I/O operation is handled by an 8251 Progr 2 uiunable Communications Interface 
device. It provides a bi-directional serial ccxnmunications channel for the 
BLC-80/24,-80/28. The board is configured to the RS232C standard. However, this 
may be converted to a current loop teletypewriter serial interface using optional 
equipment. Baud rates are software programmable using the on-board interval 
timer. 


1.2.6 Parallel Input/Output Section 

The BLC-80/24,-80/28 board utilizes two 8255 Programmable Peripheral Interface 
devices to control the six, 8-bit, parallel I/O ports. The two 8255 devices 
provide 48 lines for control and interchange of data %rith peripheral devices. 
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Chapter 2 


SPECIFICATIONS 


2.1 INTRODUCTION 

This chapter describes physical, functional, environmental, and electrical 
specification requirements for the BLC-80/24,-80/28 board. 

2.2 PHYSICAL DIMENSIONS 

The BLC-80/24,-80/28 is fabricated on a 6.75-inch by 12-inch printed circuit 
board. Figure 2-1 illustrates an outline of the board with its dimensions. 

2.3 FUNCTIONAL SPECIFICATIONS 

The functional specifications for the BLC-80/24,-80/28 board are summarized in 
Table 2-1. 


2.4 ELECTRICAL SPECIFICATIONS 

Electrical specifications, consisting of DC power requirements, AC and DC 
characteristics, and board timing requirements are provided in the following 
tables and figures: 


Table 2-2 
Table 2-3 
Table 2-4 
Table 2-5 
Table 2-6 
Table 2-7 
Figure 2-2 


BLC-80/24,-80/28 DC Power Requirements. 

BLC-80/24,-80/28 Board (Connector PI) DC Characteristics. 
Auxiliary Signal (Connector P2) DC Characteristics. 
BLC-80/24,-80/28 Parallel I/O DC Characteristics. 
BLC-80/24,-80/28 Board AC Characteristics at 4.84 MHz. 
BLC-80/24,-80/28 Board AC Characteristics at 2.42 MHz. 
BLC-80/24,-80/28 Board Master AC Timing. 
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TABLE 2-1 BLC-80/24,-80/28 BOARD SPECIFICATIONS 

_ _ 


ITEM 

SPECIFICATION 

CPU 

8085-2 

Operating Rate 

4.84 MHz (default) 

2.42 MHz (optional) 

Single Clock Cycle 

Basic Instruction Cycle 

206 ns (at 4.84 MHz) 

(four clock cycles) 

824 ns 

WORD SIZE 


Instruction 

8, 16, or 24 bits 

Data 

8 bits 

Address 

16 bits 

SYSTEM CLOCK 

9.68 MHz 

RAM ACCESS TIME 

100 ns maximum (Valid data out 
from read command) 


150 ns maximum (ALE to valid 
data)• 

MEMORY CAPACITY 

64K Bytes (65,536 bytes) 

Maximum On board ROM/PROM 
Maximum On board RAM 

32K Bytes (32,768 bytes) 

BLC-80/24 

4K Bytes (4,096 bytes) 

BLC-80/28 

8K Bytes (8,192 bytes) 

MEMORY ADDRESSING 

All notations in hexadecimal 

(factory configuration) 
On-board RAM 


BLC-80/24 

3000-3FFF 

BLC-80/28 

3000-4FFF 

On-board ROM/PROM 

O-OFF 

ON-BOARD I/O ADDRESSING 


BLX Connector J5 

CO-CF 

BLX Connector J6 

FO-FF 

Interrupt Controller 

D8 or D9 ICW1, 0CW2, OCW3, 


Status, and Poll 


D9 or DB ICW1, OCW2, OCW4, 


and Masks 















TABLE 2-2 BLC 80/24,-80/28 DC POWER REQUIREMENTS 


VOLTAGES 

CURRENT 

MAXIMUM (IMAX) 

CURRENT 

MINIMUM (IMIN) 

♦5 Vdc (+ or -5%) 

♦12 Vdc (+ or -5%) 

-12 Vdc (+ or -5%) 

IMAX « 3.95 A 

IMAX » 40 MA 

IMAX « 20 MA 

IMIN 3.17 A 


IHAX “ Assumes that four 2764 PROMs are present and that eight optional 

termination networks have been installed in the parallel interface. 

IMIN — Assumes that the 2764 PROMs and optional termination net%#orks are 
not present. 



2-5 




TABLE 2-3 (cont.) 


SIGNALS 

SYMBOL 

PARAMETER 

DESCRIPTIONS 

TEST 

CONDITIONS 

MIN 

MAX 

UNITS 

INT0/-INT7/ 


Input Low Voltage 



0.80 

V 


■89 

Input High Voltage 


2.0 


V 


^IL 

Input Current at Low V 

Vjjj * 0.4V 


- 0.2 

mA 


IlH 

Input Current at High V 

VjN - 2.4V 


30 

uA 


Cl* 

Capacitive Load 



18 

pF 

BPRN/ 

ViL 

Input Low Voltage 



0.80 

V 


ViH 

Input High Voltage 


2.0 


V 


^IL 

Input Current at Low v 

VjN * 0.45V 


-0.5 

mA 



Input Current at High V 

ViN - 2.4V 


100 

pF 


Cl* 

Capacitive Load 



15 

pF 

AACK/ 

ViL 

Input Low Voltage 



0.8 

V 


ViH 

Input High Voltage 


2.0 


V 


II 

Input Current at Low V 

VjN * 0.4V 


- 2.0 

mA 



Input Current at High V 

ViN * 2.4V 


- 1.0 

mA 


Cl* 

Capacitive Load 



18 

pF 

BUSY/ 

VoL 

Output Low Voltage 

^OL * 32 mA 


0.5 

V 

(OPEN 

Cl* 

Capacitive Load 



20 

pF 

COLLECTOR) 







INIT/ 

VoL 

Output Low Voltage 

Iql * 56 mA 


0.5 

V 

(SYSTEM 

VOH 

Output High Voltage 

OPEN COLLECTOR 




RESET) 

ViL 

Input Low Voltage 



0.8 

V 


ViH 

Input High Voltage 


2.0 


V 


^IL 

Input Current at Low V 

vm = 


-3.0 

mA 


llH 

Input Current at High V 

VjN * 2.4V 


-1 .0 

mA 


Cl* 

Capacitive Load 



18 

pF 

BCLK/ 

VoL 

Output Low Voltage 

Iql “ 59.5 mA 


0.5 

V 


VOH 

Output High Voltage 

l 0 {] * —3 mA 

2.7 


V 


ViL 

Input Low Voltage 



0.8 

V 



Input High Voltage 


2.0 


V 


IlL 

Input Current at Low V 

Vjij - 0.45V 


-0.5 

mA 


IlH 

Input Current at High V 

ViN * 5.25V 


100 

uA 


Cl* 

Capacitive Load 



15 

pF 


* Capacitive load values are approximations. 
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TABLE 2-5 BLC-80/24,-80/28 BOARD PARALLEL I/O DC CHARACTERISTICS (CONNECTORS J1/J2) 


SIGNALS 

SYMBOL 

PARAMETER 

DESCRIPTIONS 

TEST 

CONDITIONS 

MIN 

MAX 

UNITS 

PORTS E4 AND 

VoL 

Output Low Voltage 

Iql * 32 mA 

■■ 

0.5 

V 

E8 

VOH 

Output High Voltage 

^OH * “5 mA 



V 

BIDIREC- 

ViL 

Input Low Voltage 


Hi 

.90 

V 

TIONAL 

ViH 

Input High Voltage 




V 

DRIVERS 

IlL 

Input Current at Low v 

Vijj * 0.45 

■1 

-0.2 

mA 


Cl* 

Capacitive Load 


■ 

18 

pF 

8255A 

VoL 

Output Low Voltage 



0.45 

V 

DRIVER/ 

VoH 

Output High Voltage 


D 


V 

RECEIVER 

ViL 

Input Low Voltage 



0.8 

V 


X 

H 

> 

Input High Voltage 




V 


H 

H 

Input Current at Low V 

Vji^ — 0.45 

Hi 

10 

uA 


IlH 

Input Current at High V 

Vjj, -= 5.0 


10 

uA 


Cl* 

Capacitive Load 


■ 

10 

pF 


* Capacitive load values are approximations. 
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TABLE 2-6 (cont.) 


PARAHETER 

DESCRIPTION 

OVERALL 

READ 

WRITE 

REMARKS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

SxL 

Read data setup to 
XACK 

■ 


-97 





ScKH 

XACK hold time 

0 


0 

65 

0 

65 


^CPM (tppd) 

Parallel Priority 
Resolution 


35 




1 


Sws 

Bus clock low or 
high interval 

35 






Supplied by 
system 

BS 

BPRN to BCLK 
setup time 

23 







t 

DBY 

BCLK to BUSY 


55 

m 



m 


^nod^Sno^ 

BPRN to BPRO delay 

■ 

30 






^BCY 

Bus clock period 

102 

104 





From 

BLC-80/24 
when termi¬ 
nated 

^BW 

Bus clock low or 
high interval 

35 

74 





From 

BLC-80/24 
when termi¬ 
nated 

*^INIT ^^INT) 

Initialization 

width 

10ms 






After all 
voltages 
have stabi- 

t 

CBRQ 

BCLK.'to.- 

delay 


























































TABLE 2-7 (cxmt.) 


PARAMETER 

DESCRIPTION 

OVERALL 

READ 

WRITE 

REMARKS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

^CPM 

Parallel Priority 
Resolution 


35 






^BWS 

Bus clock low or 
high interval 

35 






Supplied 
by system 

^BS 

BPRN to BCLK 
setup time 

23 







Sby 

BLCK to BUSY 
delay 


55 






^nod^Sno^ 

BPRN to BPRO delay 


30 






^BCY 

Bus clock period 

102 

104 





Prom 

BLC-80/24 
v»hen termi¬ 
nated 

^BW 

Bus clock low or 
high interval 

35 

74 





From 

BLC-80/24 
when termi¬ 
nated 

t (t 

INIT INT) 

Initialization 

width 

lOms 






After all 
voltages 
have stabi¬ 
lized 

^CBRQ 

BCLK to CBRQ delay 


50 
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Chapter 3 


DETAILED FUNCTIONAL DESCRIPTION 


3.1 INTOODUCTION 

This chapter provides a description of each major functional block on the 
BLC-80/24,-80/28 board. Emphasis is placed on providing information on how the 
functional blocks interact during each mode of operation. Since several pro¬ 
grammable devices reside on the BLC-80/24,-80/28 board, applicable programming 
information for these devices are also given. This chapter does not provide 
detailed descriptions of the internal operation of each Large-Scale-Integration 
(LSI) device on the board. Logic diagrams may be referred to in Appendix A. 


3.1.1 BLC-80/24,-80/28 Signal Notation 

Throughout this manual, and particularly in this chapter, various signals are 
referred to by their mnemonic terms. Some of these terms end with a slash (/), 
Table 3-1 outlines the signal notation for mnemonic terms ending with a slash and 
for those without the slash. 


3.2 OVERALL BLOCK DIAGRAM DESCRIPTION 


Conceptually, the BLC-80/24,-80/28 board may be divided into the following nine 
major functional blocks; 


1. CPU Section (See section 3.2.1) 

2. I/O AND Memory Decode (See 
section 3.2.2} 

3. Memory (See section 3.2.3) 

4. Interval Timer (See section 3.2.4) 

5. Serial I/O (See section 3.2.5) 


6. Parallel I/O (See section 

3.2.6) 

7. Interrupts (See section 

3.2.7) 

8. System Bus Interface (See 
section 3.2.8) 

9. BLX Interface (See section 
3.2.9) 


These functional blocks are described in subsequent paragraphs in this chapter. 
Other functions such as buffering and the data/address buses are mentioned when 
appropriate throughout this chapter. 


3.2.1 CPU Section 

The CPU section consist of the 808SA-2 Microprocessor Unit (MPU), the 8224 clock 
generator, and an eight-bit latch. The 8224 clock generator is used to supply 
the clock input and RESET signal to the MPU. The clock signal can be either 9.69 
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MHz or 4.84 MHz. The eight-bit latch output is combined with the eight bit 
output fr(M the 8085A-2 MPU address line to form the 16-bit address bus. 


The operation details of the 8085A-2 are well documented. For this reason, no 
attempt is made to describe the 8085A-2 in detail. ’ However, since many functions 
of the BI^-80/24 and BLC-80/28 boards are based on the operation of the 8085A-2 
MPU, a brief review of the MPU's processing operation and its response to 
interrupts and hold requests are provided in the following paragraphs. Tne 
instruction set for the 8085A-2 MPU is contained in Appendix D. 


The 8085A-2 MPU (or CPU) performs system {urocessing functions and generates the 
address and control signals required to access memory and I/O devices. The 
AD0-AD7 pins (refer to Appendix A, sheet 3) are used to multiplex the eight-bit 
input/output data and the lower eight bits of the address. During the first part 
of a machine cycle, for example, the lower eight bits of the address are strobed 
into Latch U72 by the Address Latch Enable (ALE) signal? the outputs of U72 are 
ccmibined %d.th the upper eight bits of the address to form the 16-bit address bus. 
During the remainder of the machine cycle, AD0-AD7 pins of the CPU are used for 
data input/output. 


Initialization 

When power is applied in a start-up sequence, the contents of the 8085A-2 CPU 
program counter, instruction register, and interrupt enable flip-flop are subject 
to random factors and cannot be predicted. For this reason, a power-up sequence 
is used to set the CPU, bus controller, and I/O ports to a )cnown internal state. 

The 8224 clock generator produces the RESET signal at power-up time (Appendix A, 
sheet 3). This signal is routed to the CPU and throughout the board. If power 
is already on, the RESET signal may be generated by the AUX RESET/ signal (front 
panel switch closure). The RESET signal is routed off-board via PI-14, as INIT/. 
Notice that INIT/ may also be an input from PI-14. 

The RESET signal clears the CPU program counter, instruction register, and 
interrupt enable flip-flop? sets the parallel I/O ports to the input mode? resets 
the serial I/O port to the "idle" mode? resets the bus controller? and via the 
INIT/ signal, sets the system to a Icnown internal state. 


Clock Signals 

The 8085A-2 MPU internally divides the 9.68 MHz clock input by two to develop the 
timing requirements for the various time-dependent functions. These functions 
are described in the following paragraphs. 
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Basic Machine Cycle 


During a machine cycle (see Table 3-2), several distinct CPV activities occur. 
Each activity occurs within an interval of time called a "state". A state is the 
smallest unit of CPU operation; it is the interval between two successive clock 
pulses. During this interval, the CPU may move information on or off the address 
and data buses, or it may send or receive signals on the control lines. Each 
activity performed during a state forms a small part of the machine cycle, just 
as a machine cycle forms part of the instruction cycle. 

The 8085A-2 CPU may pass through three to five active states in every machine 
cycle and one or more optional Wait states. The number of states in a particular 
machine cycle depends on the type of machine cycle and the number of activities 
that must be performed. Each state in a machine cycle is marked by a particular 
behavior; thus, each state has a unique label. Refer to Table 3-3. 

The relationship between instruction cycles, and T-states is illustrated in 
Figure 3-1 • The execution of a store Accumulator Direct (STA), involving 
on-board memory, is illustrated in this figure. Note that in this instruction, 
the opcode fetch (designated Ml) requires four T-states, and the remaining three 
cycles each require three T-states. 

Opcode fetch is the only machine cycle requiring more than three T-states, as the 
CPU must interpret the requirements of the opcode fetched during states T1 
through T3 to decide what must be done in the remaining state(s). The timing 
relationship of a typical opcode fetch is illustrated in Figure 3-2. 

At the beginning of T1 in every machine cycle the CPU pulls IO-/M low, signifying 
that the machine cycle is a memory reference operation. The high order bits of 
the program counter are placed on address lines A9-A15. The low order bits of 
the program counter are placed on AD0-AD7 (PCD and the Address Latch Enable 
(ALE) is then activated to latch these low order address bits. These address 
bits remain true only for one clock cycle. After that, AD0-AD7 go to their 
high-impedance state (as indicated by a dashed line). The Address Latch Enable 
(ALE) is then activated. 

At the beginning of T2 the RD/ line is pulled low, enabling the addressed memory 
device, which then drives the AD0-AD7 address lines. After a period of time 
determined by the access time of the addressed memory device, the valid data Mill 
be present on the AD0-AD7 lines. 

During the T3 state, the CPU loads the data on AD0-AD7 into its instruction 
register and drives RD/ high, disabling the addressed memory device. 
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TABLE 3-3 BIT STATUS 




STATUS AND BUSES 


CONTROL 


MACHINE 

STATE 

SI ,S0 

lO/M 


AD^-AD_ 

0 7 

RD,WR 

INTA 

ALE 

*1 

X 

X 

X 

X 

1 

1 

It 

*2 

X 

X 

X 

X 

X 

X 

0 


X 

X 

X 

X 

X 

X 

0 

wait 







^3 

X 

X 

X 

X 

X 

X 

0 

^4 

1 

0 

X 

TS 

1 

1 

0 


1 

0 

X 

TS 

1 

1 

0 








^6 

1 

0 

X 

TS 

1 

1 

0 

T 

X 

TS 

TS 

TS 

TS 

1 

0 

reset 




T 

halt 

0 

TS 

TS 

TS 

TS 

1 

0 

T 

X 

TS 

TS 

TS 

TS 

1 

0 

hold 





0 * LOGIC "0" 1 * LOGIC "I" TS * HIGH IMPEDANCE 

X « UNSPECIFIED 

t ALE NOT GENERATED DURITJG 2ND AND 3RD MACHINE CYCLES OF DAD 
INSTRUCTION 












•r-K-o 


Figure 3 


2 Opcode Fetch machine Cycle 
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Figure 3-3 Memory or I/O Read Machine Cycle 












During the first clocX cycle (T1), the lower eight bits (A0-A7) of the memory or 
1/0 address (depending on the machine cycle in progress) are output by the CPU 
onto AD0-AD7. During T2 and T3 cycles, the AD0-AD7 lines become the data bus. 
During T1, the Address Latch Enable (ALE) is issued by the CPU. The trailing 
edge of this signal strobes the lower eight address bits into the demultiplexer 
and RAM/IO/Timer. The address bytes from the demultiplexer are placed on the 
address bus along %cLth the high order address bits (A8-AF). This 16-bit address 
bus (AD0-AO7 and A8-AF) is distributed to address ROM/EPROM and RAM. 

8085A-2 Interrupt Handling 

The 8085A-2 CPU contains five interrupt inputs; three maskable, and one general 
purpose. Each of these interrupts (except the general purpose interrupt) causes 
the internal execution of a RESTART command, if the interrupts are enabled and 
the interrupt mask is NOT set. 


INTERRUPT 

PRIORITY 

RESTART ADDRESS* 

TRIGGER 

TRAP 

1 

24H 

Rising edge and high 
level until sampled. 

RST 7.5 

2 

3CH 

Rising edge (latched) 

RST 6.5 

3 

34H 

High level imtil 
sampled. 

RST 5.5 

4 

2CH 

High level until 
sampled. 

INTR 

5 

** 

High level until 
sampled. 

* The PC is pushed on 

the stack 

prior to branching 

to the RESTART address. 


** The address branched to depends on the instruction provided to the CPU 
when the interrupt is acknowledged. 


Interrupt Acknowledge Timing 

Figure 3-5 illustrates the CPU timing in response to the INTR input being driven 
high by PIC U23 (Appendix A, sheet 9 - assuming the CPU interrupt enable 
flip-flop has been set by a previously executed Enable Interrupt instruction). 
The status of the TRAP, RST 7.5, RST 6.5, RST 5.5, and IWTR inputs are sampled 
during CLK of the T-state immediately i^eceding T1 of Ml • If INTR was the only 
valid interrupt, the CPU clears its interrupt enable flip-flop and enters the 
Interrupt Acknowledge (INA) machine cycle. With two csxceptions, the INA machine 
cycle is identical with the Opcode Fetch (OF) machine cycle. The first exception 
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is that lO/M » 1r which signifies that the opcode fetched will be from an I/O 
device. The second exception is that INTA is asserted instead of RD. Although 
the contents of CPU program counter are sent out on the address lines, the 
address lines are ignored. 

When INTA is asserted, the PIC provides a CALL instruction %diich causes the CPU 
to push the contents of the program counter onto the stack before jumping to a 
new location. After receiving the CALL opcode, the CPU performs a second INA 
machine cycle (M2) to access the second byte of the CALL instruction from the 
PIC. The timing of M2 is identical with Ml except that M2 has three T-states. 
M2 is followed by M3 to access the third byte of the CALL instruction. When all 
three bytes have been received, the CPU executes the instruction. The CPU 
inhibits the incrementing of the program counter during the three INA cycles so 
that the correct program counter value can be pushed onto the stack during M4 and 
M5. 

During M4 and M5, the CPU performs Memory Write (MW) machine cycles to %n:ite 
(push) the contents of the program counter onto the top of the stack. The CPU 
then places the two bytes accessed during M2 and M3 into the upper and lower 
bytes of the program counter. This has the same effect as jumping the execution 
of the program to the location specified by the CALL instruction. 

After the interrupt service routine is executed, the (n>U pops the stack and loads 
it into the program counter, and resumes system operation at the point of the 
interrupt. (It is the programmer's responsibility to ensure that the interrupt 
enable flip-flop is set before returning from the service routine.) 

3.2.2 I/O And Memory Decode 

When the 8085A-2 CPU issues an address, the I/O and memory decode circuitry must 
determine which device or memory location is being addressed. This decoding is 
primarily done with two custom progrzunmed PROMs (U67 and U48, located cm Appendix 
A, sheet 4 and sheet 6), a 2-4 decoder (U56), and 3-8 decoder (U57, located on 
Appendix A, sheet 5), and support logic gates. The I/O and memory decoding 
operations are discussed in the following paragraphs. 

Memory Decode 

During an on-board RAM read/vrrite cycle, address lines AA through AC are decoded 
by U57 (Appendix A, sheet 5) to provide one of eight possible RAM chip select 
signals. Since each RAM device is 2K x 8, cmly cme device will be selected at 
any me time. 

If no on-board RAM address is decoded by the 74S573 (U48, sheet 6) the RAMACK/ 
signal is false and the bus controller will assume an off-board read/write 
request has been made. The off-board request will be acknowledged by XACK/ 
(PI-23, Sheet 10) which subsequently produces the MULTIBUS RDY/ signal. This in 
turn, provides the CPU ready signal. 
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lOSYNC/ (sheet 4) will furnish the READY signal, via the 'wait-state circuitry 
(sheet 3). If the CPU is operating at the slower speed (2.42 MHz), lOSYIC/ will 
provide a READY signal %fithout a wait state, via jumper 156-157 (sheet 3). 

If the addressed, on-board I/O device is on an Expansion Ikxiule board, the signal 
lOASYNC/ will supply the required READY signal (via wait-state circuitry)• A 
minimum of one wait-state is required v4ien accessing an Expansion Nodule board. 

An off-board 1/0 operation is characterized by the signal ONBDIO being false 
(ONBDIO » 0), and the absence of any on-board acknowledge (ACK, sheet 3) signal. 
These two conditions %fill allow the bus controller (U60, sheet 10) to institute a 
bus cycle, provided the command signal (CMD, sheet 3) is true. At the same time, 
the MULTIBUS data receivers (U64, sheet 10) will be turned-on. If an XACK/ 
signal is not received within 10 ms of command time, the failsafe timer %d.ll 
produce the required READY signal (U28, sheet 3). 

I/O Addressing 

The on-board 8085A-2 CPU communicates with the programmable devices through a 
sequence of I/O read and I/O %n:ite commands. Each device has a specific fixed 
(dedicated) address, or group of addresses, through %diich commands and or data 
are issued or accepted. All of these fixed on-board I/O addresses are listed in 
Table 3-4. In addition to the board's programm2d3le I/O devices, certain other 
functions have specific addresses assigned to them. niese addresses are also 
included in the table. 


3.2.3 Memory 

The BLC-80/24,-80/28 board memory consists of RAM and R0M/PR0M/EPRC»1 devices. 
These can be used in various addressing schemes. Provisions are made on the 
basic BIrC-80/24,-80/28 board for installation of to 32K bytes of on-board 
Erasable Programmable Read Only Memory (EPROM). Either 2758 EPROMs, 2716 EPROMS, 
2732 EPROMs, or 2764 EPROMs may be mounted. The board's default configuration is 
for 2758 (IK x 8) devices. Refer to Chapter 4 for jumper information used to 
configure the board to the EPROM size being used. 

HOTE 

Although 2758 EPROMs, 2716 EPROMs, 2732 EPROMs, or 
2762 EPROMs may be mounted, they may not be mixed. 

The EPROM section is used for permanent (non-volatile) storage of the system 
monitor or other programs such as tape load and/or dump or program debug 
routines. Four sockets are provided for ROM devices on the basic board. 
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Table 3-5 provides the addressing for the various EPROM configurations possible 
on the BLC-80/24,-80/28 board. 

In the factory configuration, 4K bytes of RAM reside on-board the bijC- 80/24 and 
8K byte of RAM reside on the BLC-80/28. Default RAM addressing on the BLC-80/24 
is assigned from 3000 - 3FFF. Default RAM addressing on the BLC-80/28 is 
assigned from 3000 - 4FFF. 


3.2.4 Interval Timer 

Refer to sheet 6 of the logic diagrams located in Appendix A. The 8253 
Programmable Interval Timer (PIT) includes three independently controlled count¬ 
ers that are txsed for on-board I/O and CPU interrupts. Each counter has its ovm 
input and output. Counter 0 is used as the c:PU interrupt interval, connected to 
IR2 on the interrupt controller (TMROO). It can also be used as input to 
counter 1. Counter 1 can also be routed to the interrupt matrix or off-board via 
the parallel interface. 

Counter 2 is used exclusively for the baud rate timer, clocking the serial 
interface controller (8251). 


8253 PIT Programming 

The on-board 8253 PIT may be programmed to operate in one of six different modes. 
In addition, the BLC-80/24,-80/28 board interval timer configuration provides 
several jumper selectable clock rates that can be used for counter inputs. 
Normally, the counter output 2 is used as the baud rate generator for the 8251 
serial interface device. 

Jumper configurations for the PIT clock inputs are summarized in Chapter 4. In 
the default configuration, the following frequencies are jumpered to the PIC; 

a. 1.23 MHz to CLK 0 Input \ 

b. 153.60 kHz to CLK 1 Input \ 

c. 1.23 MHz to CLK 2 Input 

The following paragraphs describe the PIT mode control, operation, and addressing 
as implemented on the BLC-80/24,-80/28 board. 


Mode Control Word And Count 

All three counters must be initialized separately prior to their use. Ihe 
initialization for each counter consists of the following two steps: 
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a. A mode ojntrol fiord (refer to Figure 3-6) is written to the control 
register for each Individual counter* 

b. A down-counter number is loaded into each counter. One or two bytes 
must be sent to the PIT, as determined by the mode control fiord. Load 
most-significant byte of count into Counter 0 at port DO. 

Operation 

The following information describes a counter read, and modes of operation for 
the PIT. 

There are two methods that can be used to read the contents of a particular 
counter. Hie first method involves a simple read of the desired counter. The 
only requirement with this method is that in order to ensure a stable count 
reading, the desired counter must be inhibited by controlling its gate input. 
Only Counter 0 and Counter 1 can be read using this method because the gate input 
to Counter 2 is not controllable. 

The second method allo%rs the counter to be read "on-the-fly". The recommended 
procedure is to use a mode control word to latch the contents of the count 
register; this ensures that the count reading is accurate and stable. The 
latched value of the count can then be read. 

Before one or all of the counters can be used, they must be programmed for mode 
and count. The mode can be programmed at any time with the Hode Control Word 
(refer to Figure 3-6). This %iord specifies which counters are selected, what 
their mode is, and the type of count byte that will subsequently be sent. 

The mode control word (refer to Figure 3-6) does the following: 

a. Selects counter to be loaded. 

b. Selects counter operating mode. 

c. Selects one of the following four counter read/load functions: 

(1) Counter latch (for stable read operation) 

(2) Read or load most-significant byte only. 

(3) Read or load least-significant byte only. 

(4) Read or load least-significant byte first, then most-significant 
byte. 

d. Sets counter for either binary or BCD count. 

The count mode selected in the control word controls the counter output. As 
shown in Figure 3-6, the PIT device can operate in any of the following six 
modes: 



a. Mode 0 

b. Node 1 

c. Mode 2 
d• Node 3 
e• Mode 4 
f. Mode 5 

Mode 3 is the primary operating mode for all three counters on the 8253. In this 
■ode, the counter output remains high until one half of the count value in the 
count register has been decremented (for even numbers)• The output then goes low 
for the other half of the count. If the value in the count register is odd, the 
counter output is high for (n+1)/2 counts, and low for (n-1)/2 counts. 

Addressing 

As listed in Table 3-6, the PIT uses the following four I/O addresses: DC, DD, 
DE, I^. Addresses DC, DD, and DE respectively, are used in loading and reading 
the count in counters 0, 1, and 2. Address DF is used in writing the mode 
control %«Drd to the desired counter. 


3.2.5 Serial I/O 

The 8251 Programmable CcMnmunications Interface (PCI) device provides RS232C 
compatibility, auid is configured with board jumpers as a data set. Ihe PCI 
converts parallel output data into virtually any series output data format for 
half or full-duplex operation. The PCI also converts serial input data into 
parallel data format. 

Synchronous or asynchronous mode, character size, parity bits, stop bits, and 
baud rates are all programmable. Data, clocks, and control lines to and from 
connector J3 are buffered with drivers and receivers. A second serial I/O 
channel may be derived by jumper connection, in conjunction with parallel port 
CC. Refer to Chapter 4 for jumper information. 

8251A PCI Programming 

The CPU must load the 8251 wth a set of control words before input/output 
operation can begin. Ihese control words must immediately follow cither am 
internal or an external RESET operation. The control words are either a Mode 
Instruction or Command Instruction. The following rules miist be followed in 
%rriting control words: 

a. The Node instruction must immediately follow a RESET operation. 

b. The Command instruction must follow the Node instruction, ho^mver, SYNC 
characters or data (if Sync node) nay be interspersed. 
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Mode Instruction Format 


The Mode instruction %«ord defines the general characteristics of the PCI and must 
follow a reset operation. Once the Mode instruction word has been written into 
the PCI, sync characters or ccwtmand instructions may be inserted. The Mode 
instruction word defines the following: 

a. For Sync Mode: 

(1) Character length 

(2) Parity enable 

(3) Even/odd parity generation and check 

(4) External sync detect 

(5) Single or double character sync 

b. For Async Node: 

(1) Baud rate factor (XI6 or X64) 

(2) Character length 

(3) Parity enable 

Figure 3-7 illustrates the node instruction format for asynchronous mode of 
operation. Figure 3-8 illustrates the byte configurations that are selectable by 
the Mode instruction %ford. Figure 3-9 illustrates the Node instruction vnord 
format for synchronous mode. Figure 3-10 illustrates the data byte con- 
figtirations. Note that the examples indicate two SYNC characters. However, only 
one may be prograunmed by setting bit 7 of the Mode instruction word to a logic 
one. Table 3-7 illustrates the significance of each bit in the Mode instruction 
word for both asynchronous and synchronous operation. 

Command Instruction Format 

The command instruction controls the actual operation of the 8251 A. Figure 3-11 
defines the significance of each bit of the Command instruction. 

8251A Status Word Definition 

The status of the 8251A may be read by the programmer at any time during 
operation. This is accomplished by Issuing a normal "Read" command and setting 
C/D to a logic one. Each status bit and its significance is detailed in Figure 
3-12. It is assiimed that the programmer has placed the data or control word in 
the accumulator prior to executing the output instructions. After the input 
instructions, the programmer must provide for storage of the input status word or 
data word idiich will reside in the accumulator after execution of the 
instruction. 



3-25 



TRANSMITTER OUTPUT 





TRANSMISSION 

FORMAT 


CPU BYTE (5 B BITS/CHAR) 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



RECEIVE FORMAT SERIAL DATA INPUT (RxD) 



•NOTE: IF TIC CHARACTER LENGTH IS DEFINED AS 5, 6, or 7 BITS THE 
UNUSED BITS ARE SET TO "ZERO" 

AA-14-0 

Figure 3-8 Asynchronous Mode Data Byte Configuration 
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av BTYCS (»-« BlTS/tHM) 

. . . H h . 

MTA CHARACTCRS 

-1 I- 


ASSCWLED SCilAL MTA OUTPUT (TxD) 
—- 


SYNC 

SYNC 

CHAR 1 

CHAR 2 


DATA CHARACTERS 


iKCCiyc roRMT 


SERIAL DATA IITUT (RiO) 

_I f— 


SYNC 

SYNC 

CHAR 1 

CHAR 2 


DATA CHMIACTERS 


CPU BYTES (S-B BITS/CMAR) 


DATA cLmACTERS 


AA-16-0 


Figure 3-10 Synchronous Mode Data Byte Configurations 
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*>7 S *>2 % 



AA-17-0 



Figure 3-11 Catanxand .Instruction Format 
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825111 Address/Decoding 


Address bits AA through AF are decoded by the I/O decode PROM U67 and its 
associated circuitry (Appendix A, sheet 4). Address AO is applied directly to 
the C/D pin (12) of the 8251A (Appendix A, sheet 5). A logic one on Address AO 
indicates a control word or status is on the data bus (DO through D7). A logic 
sero on Address AO Indicates that a data byte is on the data bus. 

Transmit and Receive Clock Generation 

The oscillator signal from a 8224 clock generator is input to the 8253 PIT on 
logic sheet 6. The oscillator's frequency is divided into eight different 
frequencies by the 8253 /PIT which are available to the 8251 for baud rate 
generation. Table 3-8 lists the frequencies available to the 8251 for baud rate 
generation. 

The effective baud rate outfmt by the 8251 is dependent on the frequency from the 
8253 PIT and by the baud rate factor selected by bits DO and D1 of the Mode 
instruction yiord (Asynchronous). Inputs to TxC and RxC are supplied by the same 
source, through the appropriate jumpers. The division of the frequency is 
performed within the 8251 , and is dependent on «ihether a divisor of one, 16, or 
64 was directed by the Mbde instruction. 


3.2.6 Parallel I/O 

The two 8255 Prograunmable Peripheral Interface devices ^ovide 48 programmable 
I/O lines (refer to Appendix A, sheets 7 and 8). TWo bus transceivers are 
included to interface 16 of the I/O lines to connector J1 and J2. Four IC 
sockets are provided so that, depending on the application, TTL drivers or I/O 
terminators may be installed to complete the interface to connectors J1 and J2. 
The 48 lines are grouped into six ports of eight lines each. These ports can be 
programmed to be simple I/O ports or strobed I/O ports with handshaking. Two 
ports can be programmed as bidirectional ports with control lines. Ihe 
BLC>80/24,-80/28 board includes various features such as RS232C interface lines, 
timer gates, and interrupts that can be contolled by the parallel I/O lines. 

8255A PPI Programming 

Each of the six parallel I/O ports (three on each 8255A device) may be programmed 
independently. However, as implemented on the BLC-80/24,-80/28 board, some lines 
have restricted use in certain stodes. The modes allovred on the BLC-80/24,-80/28 
board are listed in Table 3-9. Default jumpers set the port E4 and E8 bus 
transceivers to the output (transmit) mode. Optional jumper TOnnections allow 
the bus transceivers to be set to either the input mode or a bit-programmaUale 
input/output mode. Refer to Chapter 4 for complete jumper information. 



Ports E5, E6, E9 and EA do not have bus transceivers installed at the factory. 
Line drivers or terminators can be installed for these ports as described in 
Chapter 4. 

In order to use any of the parallel port lines, the 8255A PPI devices must first 
be programmed for the desired mode and direction of data flow. Ihe following 
paragraphs provide this information. 

Control Itord Format 

The control word format illustrated in Figure 3-13 is used to initialize each PPI 
port. Group A (control word bits 3 through 6) defines the operating mode for 
port A and the upper four bits of port C. Group B (control word bits 0 through 
2) defines the operating mode for port B and the lower four bits of port C. Bit 
7 of the control word controls the mode set flag. The Control words are sent to 
port E7 for the J1 PPI device, and port EB for the J2 PPI device. There are 
restrictions associated %»ith the use of certain ports in inodes 1 and 2. Refer to 
Chapter 4 for these restrictions. 

Mode COTibinations 

Table 3-10 summarizes the various mode combinations possible %ri.th ports A and B 
of the PPI, and indicates how each port C bit can be used. This table may serve 
as a usefull starting point for selecting a particular configuration. Once the 
selection of the desired mode combinations and the port C assignments are made, 
refer to the jumper configurations in Chapter 4 for implementation details. 

3.2.7 Interrupts 

The 8259 Programmable Interrupt Controller (PIC) functions as an overall manager 
in an interrupt-driven system environment. It accepts requests from the peri¬ 
pheral equipment, determines which of the incoming requests is of the highest 
importance (priority), ascertains %diether the incoming request has a higher 
priority value than the level currently being serviced, and may issue an 
Interrupt to the 8085A-2 CPU based on this determination. 

The interrupt section provides twelve priority interrupts. Eight interrupts 
connect to the inputs of the 8259 Programmable Interrupt Controller (PIC); the 
remaining four interrupts connect directly to the 8085A-2 CPU. All interrupts, 
except TRAP, are mas)cable; the TRAP interrupt may be used to handle a povwr-fail 
(PPIN/) signal input via auxiliary connector P2. In the factory configuration, 
all four of these interrupts are grounded by jumper connections, and are 
therefore disabled. 

There are 23 jumper-selectable interrupt sources: PPI (4), PCI (3), PIT (2), 
external via J1 and J2 (2), MULTIBUS lines (8), and Expansion Module boards (4). 
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TABLE 3-10 PARALLEL I/O lOTERFACE OOlfflGURATIONS 


CONFIGURATION 

NUMBER 

PPI 

PORT A 
(E4 or E8) 

PPI 

PORT B 
(E5 or E9) 

^0 

PPI 
PORT C 
(CC) 
LONER 

S 

<=4 

PPI 

PORT C 
(CC) 
UPPER 

S 

1 

MODE 

0-IN 

MODE 

O-I/O 

—I/O— 



—I/O— 


2 

MODE 

O-OUT 

NODE 

O-I/O 

- 

—I/O— 



—I/O— 


3 

MODE 

0-IN 

MODE 

1-1/0 

R 

R 

R 

I 

0 

0 

0 

U 

4 

NODE 

0-IN 

MODE 

1-1/0 

R 

R 

R 

0 

I 

I 

I 

u 

5 

MODE 

O-OUT 

MODE 

1-1/0 

R 

R 

R 

I 

0 

0 

0 

u 

6 

MODE 

O-OUT 

NODE 

1-1/0 

R 

R 

R 

0 

I 

I 

I 

u 

7 

MODE 

1-IN 

NODE 

O-I/O 

I 

I 

I 

R 

R 

R 

0 

0 

8 

MODE 

1-IN 

NODE 

O-I/O 

0 

0 

0 

R 

R 

R 

I 

I 

9 

NODE 

1-OUT 

NODE 

O-I/O 

I 

I 

I 

R 

O 

0 

R 

R 

10 

NODE 

1-OUT 

NODE 

O-I/O 

0 

0 

0 

R 

I 

I 

R 

R 

11 

MODE 

1-IN 

NODE 

1-1/0 

R 

R 

R 

R 

R 

R 

I 

I 

12 

MODE 

1-IN 

NODE 

1-1/0 

R 

R 

R 

R 

R 

R 

0 

0 

13 

MODE 

1-OUT 

NODE 

1-1/0 

R 

R 

R 

R 

I 

I 

R 

R 

14 

NODE 

1-OUT 

NODE 

1-1/0 

R 

R 

R 

R 

0 

0 

R 

R 

15 

NODE 

2-B 

NODE 

O-I/O 

U 

I 

I 

R 

R 

R 

R 

R 

16 

NODE 

2-B 

NODE 

O-I/O 

U 

0 

0 

R 

R 

R 

R 

R 

17 

MODE 

2-B 

NODE 

1-1/0 

R 

R 

R 

R 

R 

R 

R 

R 


NOTES: 

I - INPUT 

O - OUTPUT 

I/O - INPUT OR OUTPUT 

B - BIDIRECTIONAL 


R - RESERVED 

U - No unused drivers/terminators available. 
These bits may be used, however, to 
connect to the serial I/O interface or 
the Interval Timer, 
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Fully Nested Mode 


In this Bode, the PIC input signals are assigned a priority from 0 through 7. 
The PIC operates in this aode unless specifically programmed otherwise. 
Interrupt IRQ has the highest priority and IR7 has the lowest priority. When an 
interrupt is acknowledged, the highest priority request is available to the 
8085A-2 CPU, 

Automatic Rotating Mode 

In this mode, the interrupt priority rotates. Once an interrupt on a given input 
is serviced, that interrupt assumes the lowest priority. Bius, if there are a 
number of simultaneous interrupts, the faciority trill rotate among the interrupts 
in numerical order. 

Specific Rotating Mode 

In this mode, the software can change interrupt priority by specifying the bottom 
priority, trhich automatically sets the highest priority. 

Poll Mode 

In this mode, the 8085A-2 hardware and a software routine are used to initiate a 
Poll COTimand, In the Poll Mode, the addressed PIC treats an I/O Read Command as 
an interrupt acknowledge and reads the priority level, This mode is useful if 
there is a common service routine for several devices. 

Initialization Command Words 

The on-board PIC requires a separate initialization sequence to work in a 
particular mode. The initialization sequence requires three initialization 
Command Words (ICWs). The ICW formats are illustrated in Figures 3-14 through 
3-16. 

Operation Command Words 

After initialization, the PIC can be programmed at any time by an Operation 
Command Word (OCW) for the operations listed below. The OCW formats are 
illustrated in Figures 3-17 through 3-19. 

a. Auto-rotating priority 

b. Specific rotating priority 

c. Status read of Interrupt Request Register (IRR) 

d. Status read of In-Service Register (ISR) 

e. Interrupt mask bits are set, reset or read 

f. Special mask mode set or reset 



®7 ®6 ®5 


1 N7 

M6 

N5 

m 

N3 

N2 

Ml 

NO 



INTERRUPT 

1 - NASK SET 

0 > NASK RESET 



DS-24-0 


Figure 3-17 Operation Coxnmand Word One Format (OCWl) 
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0 
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Figure 3-18 Operation Command Word Two Format (OCW2} 
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3.2.8 System Bus Interface 


The System Bus (MULTIBUS) Interface includes a Bus Controllerf bidirectional 
address and data bus drivers, and the bus interrupt driver/receivers. The bus 
controller allows the BLC-80/24,*80/28 board to operate as a bus master in a 
serial or parallel priority arrangement %rith other bus masters in the system in 
which the 8085A-2 CPU can request the MULTIBUS lines %ihen needed. The System Bus 
Interface (Appendix A, sheet 10} consists of a 8218 bus controller (U60), a data 
latch/driver (U64), and address drivers (U62, U63). 

The bus controller arbitrates all BLC-80/24,-80/28 board requests for use of the 
System Bus lines, synchronously with respect to the Bus Cloclc (BCLK/). When the 
BLC-80/24,-80/28 acquires control of the bus, the bus controller generates the 
appropriate memory or I/O command signal, gates the address onto the address 
lines, and gates data on/off the bus, at the appropriate times. An locternal RC 
network connected to the bus controller's Delay-Adjust (DLADJ/) input guarantees 
the required set up and hold time relationship between the address/data lines and 
the control signals. 

The negative-going edge of the Bus Clock (BCLK/) signal provides a timing 
reference for the controller's bus arbitration logic. 

Bus arbitration activity begins when an off-board memory or an I/O request is 
generated and applied to the Command Request (CMORQ) input. The request is 
strobed in by RSTB/ (which is always enabled). Following the next rising and 
falling edge of BCLK/ the bus controller generates Bus Request, BREQ/ (connector 
pin PI-18) and forces Bus Priority Out, SPRO/ (connector pin PI-16) inactive 
(high). BREQ/ is used to request the system bus %ihen priority is decided by a 
parallel priority resolution circuit. BPRO/ is used to allow lower priority 
masters to gain control of the bus when a serial priority resolution structure is 
used. BPRO/ would go to the Bus Priority In (BPRN/) input of the next lower 
priority master. 

When an off-board request activates the Command Request input (CMDRQ) and ADEN/ 
is activated, the bus controller's timing logic starts the internal sequence 
which ultimately (depending on the RC network at DLYADJ/) generates the 
appropriate memory/IO read/%nrite control output (MRDC/, l®ifTC/, lORC/, or lOWC/) 
based on the active command request input (MRD/, MWT/, lORD/, or lOWRT/) from the 
CPU. 

When control of the bus is granted to the BLC-80/24 or BLC-80/28 board, a low 
level appears on its Bus Priority In (BPRN/) input. The bus controller activates 
its BUSY/ (connector pin PI-17) and Address and Data Enable (ADEN/) outputs. 
Busy/ "locks" the BLC-80/24,-80/28 board onto the bus prohibiting any other 
■aster from acquiring control of the bus. ADEN/ enables the system address 
drivers (U62, U63) and data latch/drivers (U64). When the external acknowledge 
signal (XACK/ or AACK/) is received it will be gated (as MULTIBUS RDY/) to the 
CPU RDY input via the wait circuitry (Appendix A, sheet 3). 
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Chapter 4 


SELECTABLE OPTIONS 


4.1 INTRODUCTION 


The BX/:>80/24 and BLC-80/28 jumper connections are used to configure the board to 
meet a user's particular system requirements. Much of the versatility of the 
BlC-80/24,-80/28 board is due to the use of these jumper connections. Table 4-1 
lists the factory default jumper connections on the board. Physical location of 
jumper pins on the board are illustrated in Appendix C. Jumper connections are 
illustrated schematically in Appendix A. Detailed information on the progranuning 
and operations of programmable devices are contained in Chapter 3. 

Information on the various jumper configurations and other selectable options for 
the BLC-80/24,-80/28 board is organized in this chapter as follows; 


Section 4.2 
Section 4.3 
Section 4.4 
Section 4.5 
Section 4.6 
Section 4.7 
Section 4.8 
Section 4.9 
Section 4.10 
Section 4.11 


ROM/PROM/EPROM Options 
RAM Capacity and Addressing Options 
Serial Input/Output Interface Options 
Parallel Input/Output Interface Options 
Interrupt Matrix Jumper Configurations 
Internal Timer Jumper Configurations 
System Clock Jumper Selection 
MULTIBUS Interface Jumper Options 
Failsafe Timer Selection 
Power Failure Battery Backup 


4.2 ROM/PROM/EPROM OPTIONS 

Sockets XU40 through XU43 are reserved for optional ROM/PROM/EPROM devices. A 
■aximura of 32K bytes may be installed. A summary of compatible device types, 
capability, and addressing is provided in Table 4-2. Device types may not be 
mixed; however, empty sockets are allowed (provided they are iM>t addressed). 

After selecting the ROM type which best suits the particular application, 
carefully insert each device into its socket. 
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TABLE 4-1 (cont.) 


BLC-80/24,-80/28 
JUMPER PAIR 

APPENDIX A 
SCHEMATIC 

SHEET 

FUNCTION 

74 - 75 

8 

Connects port EA, bit 3 to PIA1/ 

87 to 86,85,84 
and 83 

9 

Connects ground to 8259 IR7 input gates 

100 - 118 

9 

Connects OITO to IR2 on PIC 

101 - 106 

3 

Connects INTI to ZR1 on PIC 

123 to 122,121, 

9 

Connects ground to all 8085A interrupt inputs 

120 and 119 


(disabled) 

125 - 126 

3 

Connects 9.68 MHz clock input to 8085A CPU 

129 - 133 

6 

Connects 1.075 MHz to CLKO on PIT 

130 - 134 

6 

Connects 1.075 MHz to CLK1 on PIT 

131 - 136 

6 

Connects 2.15 MHz to input of U53 counter 

138 - 139 

3 

Connects 8224 OSC output to divider network 

140 - 143 

3 

Enables failsafe timer 

142 - 145 

3 

Connects RAMACK/ to READY gate 

148-149 (BLC- 
80/24 only 

6 

RJ^ size jumper (for maximum of 4K bytes) 

158 - 159 

10 

Connects 9.68 MHz BCLK/to PI-13 (output) 

160 - 161 

10 

Connects BPRO/ to PI-16 

164 - 165 

10 

Connects 9.68 MHz OCLK/ to PI-31 (output) 

176 - 177 

2 

Used for +5 volt battery backup 

187 - 188 

9 

Disables PROMOFF, PROMWT 

189 - 190 

3 

CPU hold to ground 

191 - 192 

3 

Connects RESET output from 8224 to 8085A reset 
gate 

193 - 194 

10 

Connects ADEN output from 8218 to 8303 output 
enable gate 

196 - 197 

4 

MCSO, MCS1 enable 

198 - 199 

6 

RAMACK output from RAM Address Decoder 

200 - 17 

5 

Connects internal receive clock to 8253 PIT 

201 - 202 

6 

Connects 1.075 MHz to 8253 Clock 2 

205 - 152 

6 

Sets on-board RAM address range 

206 - 153 

6 

Sets on-board RAM address range 
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CAOTION: Never install any device into a board when power is applied. Damage to 
the board, device, and power supply could result. 

CI^IITION: ROM/EPRON sockets XU40 through XU43 are 28-pin sockets. 1£ the user is 
inserting 24-pin devices, ensure they are positioned correctly. 

Once the optional ROM devices are installed, the ROM-type header (shorting plug) 
■ust be inserted into the appropriate sockets. Socket J7 is used for this 
purpose. The factory configuration is for 2758-type devices (IK x 8). This 
configuration requires the header to be inserted as shown in Appendix A, sheet 4. 
Positions for other device types are marked on the board, and are listed in Table 
4-3. 

When using EPROMs having access times less than 300 ns, no EPROM wait states are 
necessary at either operating speed. For the EPRCM acknowledge to bypass the 
wait state generating circuit, a jumper between pins 141 and 144 must be 
inserted. Closing pins 156 and 157 causes both EPROM and on-board I/O to by-pass 
the %#ait state generator. This should only be done %fhen operating the 
BLC-80/24,-80/28 board in the slower (2.42 MHz) mode. 

EPROMs with access times greater than 500 ns cannot be used %dth the BLC-80/24, 
-80/28 board in the 4.84 MHz operating mode. 

. ■ 

4.3 RAM CAPACITY AND ADDRESSING OPTIONS 

The RAM capacity jumper for the BLC-80/24 board is configured at the factory to 
indicate 4K bytes on-board. The RAM capacity jumper for the BLC-80/28 board is 
configured at the factory to indicate 8K bytes on-board. To alter these 
configurations, refer to Table 4-4. 


4.4 SERIAL INPUT/OUTPUT INTERFACE OPTIONS 

The BLC-80/24,-80/28 board serial port is configured at the factory to the RS232C 
standard interface. The J4 header (shorting plug) straps the board as data set 
(modem). Table 4-5 lists the signals strapped by the shorting plug, and provides 
pin identification. The J4 header can be modified to configure the serial port 
to a data terminal, rather than a data set. If the user's application requires 
external clocks or other serial interface modifications, refer to Table 4-6. For 
•erial port cabling information, refer to Chapter 5. 


4.5 PARALLEL INPUT/OUTPUT INTERFACE OPTIONS 

Parallel ports E6 and EA each have a jumper matrix betwen the 8255 PPI device and 
the driver/terminator sockets. All other parallel ports do not have jumper 
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TABLE 4-4 RAM JUMPER CONNECTIONS 



DESCRIPTION 


Indicates 4K RAM on-board (BLC-80/24 
default configuration) 

Both jumpers in indicates 

2K RAM; or both jumpers out 
indicates 8K RAM (BLC-80/28 default 
configuration) 

2K 

4K 

8K 

— 

— 

2000-3FFF 

3800-3FFF 

3000-3FFF 

3000-4FFF 

4800-5FFF 

4000-4FFF 

4000-5FFF 

5800-5FFF 

5000-5FFF 

5000-6FFF 

6800-7FFF 

6000-7FFF 

6000-7FFF 

7800-7FFF 

7000-7FFF 

7000-8FFF 

8800-8FFF 

8000-8FFF 

B000-9FFF 

9800-9FFF 

9000-9FFF 

9000-AFFF 


150 - 203 
and 

152 - 205 


A800-AFFF AOOO-AFFF AOOO-BFFF 













TABLE 4-5 SERIAL PORT HEADER lOCATZONS 


8251 

FUNCTION 

J4 

STRAP 

SERIAL 

PORT CONNECTOR 

SIGNAL 

DIRECTION 

TxD 


J3-6 Rec Data 

Output 

RxD 


J3-4 Trans Data 

Input 

DTR/ 


J3-12 DSR 

Output 

DSR/ 


J3-13 DTR 

Input 

RTS/ 

4-n 

J3-10 CTS 

Output 

CTS/ 

3-12 

J3-8 RTS 

Input 



4-9 












matrices, and their operation is determined by software programming. Refer to 
Table 3-9 (located in Chapter 3) for a list of operating modes allowed for each 
parallel port. Table 4-7 lists the types of terminators and line drivers that 
are recommended for the driver/terminator sockets. 

Before a user configures a parallel port for a particular application, refer to 
section 3.2.6 (in Chapter 3) for 8255 PPI programming information. Jumper 
information for all parallel ports, including bit restrictions, is provided in 
Table 4-8. 


4.6 INTERRUPT HATRXX JUMPER CONFIGURATIONS 


The BLC-80/24,-80/28 board can resolve 12 levels of interrupt priority. Eight of 
these levels are controlled by the 8259 PIC and the remaining four are direct 
inputs to the 8085A CPU. All interrupts are routed through the interrupt matrix 
(shown in Appendix A, sheet 9). Table 4-9 lists all the matrix jumper pins and 
their functions. The board is shipped from the factory with the following 


jumpers 

installed: 


1. 

101 - 106 

-— INT2/ from MULTIBUS Interface 

2. 

200 - 108 

— Counter 0 output 

3. 

83 through 87 

— Grounded 

■■'d 4 

119 through 123 

— Grounded 


Refer to section 3.2.7 (in Chapter 3) for 8259 PIC programming information. 


4.7 INTERNAL TIMER JUMPER CONFIGURATIONS 

The 8253 Programmable Interval Timer (PIT) is configured at the factory vrith five 
jumpers installed, as listed in Table 4-10. Two jumpers select the gate 
operation for the 8253 PIT device itself and three jumpers select the input 
frequencies to each of the three independent counters within the PIT. Outputs 0 
and 1 frcxn the timer are routed directly to the interrupt matrix. These outputs 
may then be jumpered to the desired on-board interrupt level (jumper pins 118 and 
103 shown in Appendix A, sheet 3). 

Output 2 is used for the 8251 Programmable Communications Interface (PCI) 
transmit and receive clocks. 


4.8 SYSTEM CLOCK JUMPER SELECTION 

The BLC-80/24,-80/28 board is configured at the factory to operate at 4.82 MHz. 
Alternately, the board may be operated at 2.42 MHz, by jumper selection. Refer 
to Table 4-11 for information pertaining to this option. 
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TABLE 4-8 PARALLEL PORTS B4-EA JUMPER CONNECTIONS 




JUMPER CONFIGURATION 


PORT 

MODE 

DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADD 

EFFECT 

PORT 

RESTRICTIONS 

B4 

0 In^mt 

8303: 03 

26-27* 

27-41 

8303 « input enabled 

E5 

Nonet can be In node 0 
or 1, input or output• 







E6 

Nonet can be in Node 0, 
input or output, unless 

Port B5 is in Mode 1• 

B4 

0 Output 
(latched) 

8303:U3 

None 

26-27* 

8303 * output enabled 

E5 

Nonet can be in Node 0 
or 1, input or output* 







E6 

Nonet can be in Node 0, 
input or output, unless 

Port E5 is in Node 1. 

E4 

1 Input 
(strobed) 

8303: 03 

26-27* 

27-41* 

8303 output enabled 

E5 

Nonet can be in Node 0 
or 1, input or output• 



T: XU4 

D: XUS 

— 

32-47* 

Connects J1-26 to 

STB|^/ Input. 

E6 

Port E6 bits perform the 
following: 




33-48* 

and 

31-45* 

31-48 

Connects IBPjk output 
to J1-18 

Disconnect Port E6r 
bit 3 (IMTR) from 
driver at U4. 


e Bits 0, 1, 2 — 

Control for Port E5 if 
in Mode 1 • 

e Bit 3 — Port E4 Inter¬ 
rupt to interrupt 
jumper matrix. 








e Bit 4 — Port E4 Strobe 
(STB/) input. 


•Default jumper connected at factory 




TABLE 4-8 (cont.) 


JUMPER CONFIGURATION 


PORT 

MODE 

DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADD 

EFFECT 

PORT 

RESTRICTIONS 

E4 

2 

(bidirec¬ 

tional) 

8303: U3 

T; XUS 

26-27* 

27-49 

Allows ACK^/ 
output to control 

8287 in/out direction. 

E5 

E6 

None. 

Port E6 bits perform the 
following: 




— 

32-47* 

Connects J1-26 to 

STBji^ input. 


e Bit 0 — Cannot be 
used. 




33-48* 

and 

28-42* 

28-48 

Connects IBF^ output 
to J1-24. 


e Bits 1,2— Can be 
used for input or 
output if Port E5 is 
in Mode 0. 




35-50* 

34-49 

31-50 

Connects J1-30 to 

ACD^/ input. 

Connects OBFf^/ out¬ 
put to J1-18. 


e Bit 3 — Port 84 

Interrupt to inter¬ 
rupt jumper matrix. 

• Bit 4 — Port E4 Strobe 
(STB/) input. 




31-45 


Disconnects Port E6, 
bit 3 (IWTR) from 
driver at U4. 


e Bit 5 — Port E4 Input 
Buffer Pull (IBP) 
output. 








e Bit 6 — Port E4 
Acknowledge (ACK/) 
input. 








e Bit 7 — Port B4 

Output Buffer Pull 
(OBF/) output. 


•Default jumper connected at factory 





TABLK 4-8 (cont.) 


JUMPER CONFIGURATIOU 


PORT 

MODE 

DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADD 

EFFECT 

PORT 

RESTRICTIONS 

B5 

1 

Output 
(latched) 

T: XU4 

D: XUS, XU6, 

XU7 

35-50* 

and 

30-44* 

28-42* 

29-43* 

35-44 

Connects OBFg/ 
output to J1-22. 

Connects J1-32 to 
ACKg/ input. 

Disconnects Port E6, 
bit 0 (IfTTR) from 
driver at U4. 

E4 

E6 

• Bit 3 — If Port E4 is 
in Node 0, bit 3 can be 
input or output. 

Otherwise, bit 3 is re¬ 
served. 

• Bits 4-7 — Depends on 

Port E4 model see table 
3-10. 

None. 

Port E6 bits perform the 

following: 

• Bit 0 — Port E5 

Interrupt to interrupt 
jumper matrix. 

• Bit 1 — Port E5 Output 
Buffer Pull (OBF/) 
output. 

• Bit 2 — Port E5 
AckiKDWledge (ACK/) 
input. 


•Default jumpeir connected at factory 














4-19 



TABLE 4-8 (cont.) 


JUMPER CONFIGURATION 


PORT 


DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADD 

EFFECT 

PORT 

RESTRICTIONS 





30-44* 

Connects bit 2 to 

J1-20, 

■ 






31-45* 

Connects bit 3 to 

J1-18. 

1 


E6 

(upper) 

0 Output 
(latched) 

D: XU4 

None 


Same as for Port E6 
(upper) Mode 0 Input. 

H 

Same as for Port E6 (upper) 
Node 0 Input. 

B6 

(lower) 

0 Output 
(latched) 

D: XUS 

None 


Same as for Port E6 
(lo%fer) Mode 0 Input. 

E4 

fi 

E5 

Same as for Port B6 (lower) 
Mode 0 Input. 

B8 

0 Input 

8303s U8 

55-56* 

56-70 

8303 * input enabled 

E9 

Nonei can be Mode 0 or 1, 
input or output. 







EA 

None; can be in Mode 0, 
input or output, unless 

Port E9 is in Mode 1. 

E8 

0 Output 
(latched) 

8303s U8 

None 

55-56* 

8303 - output enabled 

E9 

Nonei can be in Node 0 or 

1, input or output• 







EA 

Nonei can be in Node 0, 
input or output, unless 

Port E9 is in Node 1. 

E8 

1 Input 
(strobed) 

830 3 s U8 

Ts XU9 

D: XU10 

55-56* 

56-70* 

62-76* 

8303 * output enabled 

Connects J2-26 to 
^^a/ input. 

E9 

Nonei can be in Node 0 or 

1, input or output. 


•Default jumper connected at factory 
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TABLE 4-8 (cont.) 



JUMPER CONFIGURATION 


PORT 

MODE 

DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADO 

EFFECT 

PORT 

RESTRICTIONS 








e Bit 3 — Port E8 

Interrupt to interrupt 
jumper matrix. 








e Bits 4, 5 — Input or 
output (both must be in 
same direction). 








e Bit 6 — Port E8 

Ac)cnowledge (ACK/) 
input. 








• Bit 7 — Port B8 Output 

Buffer Full (OBF/) out¬ 
put. 

B8 

2 

(bidirec¬ 

tional) 

8303* 08 

T: XU9 

D: XU10 

55-56* 

56-78 

Allows ACK^/ output 
to control 8287 
in/out direction. 

E9 

EA 

None. 

Port EA bits perform the 
following: 




— 

62-76* 

Connects J2-26 to 

STB^ input. 


e Bit 0 — Can only be used 
for serial interface. 




63-77* 

and 

57-77 

Connects IBFf^ out¬ 
put to J2-24. 


e Bits 1,2— Can be 

used for input or output if 
Port E9 is in Node 0. 





64-78* 

Connects J2-30 to 
hCKj^/ input. 


e Bit 3 — Port E8 

Interrupt to interrupt 
jumper matrix. 


•Default jumper connected at the factory 
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TABLE 4-8 


(cont •) 




JUMPER CONFIGURATION 


PORT 

MODE 

DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADD 

EFFECT 

PORT 

RESTRICTIONS 




57-71* 

— 

Disconnects Port EA 
bit 0 (INTR) from 
driver at XU10. 


• 

Bit 1 — Port B9 Input 
Buffer Full (IBF) output. 








• 

Bit 2 - Port E9 Strobe 

(STB/) input. 








• 

Bit 3 — If Port B8 is in 
Mode 0, bit 3 can be input 
or c»itput. Otherwise, 
bit 3 is reserved. 








• 

Bits 4, 5 — Depends on 

Port E8 model see table 

3-10. 








• 

Bits 6, 7 — Input or 
output (both must be in 
same direction)• See 
table 3-10. 

E9 

1 Output 
(latched) 

T: XU9 

D: XU10, XU11, 

XU12 

59-73* 

and 

65-79* 

58-72 

65-73 

Connects IBFg/ out¬ 
put to J2-22. 

Connects J2-32 to 

ACKg/ input. 

E8 

EA 

None. 

Port EA bits perform the 
following: 








• 

Bit 0 — Port B9 inter¬ 
rupt to interrupt jumper 
matrix. 


•Default jumper connected at the factory 
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TABLE 4-8 (cont.) 


JUMPER CONFIGURATION 


PORT 

MODE 

DRIVER (D)/ 
TERMINATOR (T) 

DELETE 

ADD 

EFFECT 

PORT 

RESTRICTIONS 

EA 

(upper) 

0 Output 
(latched) 

D: XU9 

None 


Same as for Port EA 
(upper) Mode 0 Input* 

B8 

& 

E9 

Saune 

Mode 

as for Port EA (u{^r) 

0 Input* 

EA 

(lower) 

0 Output 
(latched) 

D{ XU10 

Hone 


Same as for Port EA 
(lower) Mode 0 Input* 

B8 

& 

E9 

Same 

Mode 

as for Port EA (lower) 

0 Input* 


•Default jumper connected at the factory 

















TABLE 4-10 RAM JUMPER CX}NNECTIONS 


FUNCTION 

JUMPER 

PAIR 

DESCRIPTION 

Inputs/Outputs 

•129 - 133 

Provides 1.075 MHz to CLKO. 


♦130 - 134 

Provides 1.075 MHz to CLK1• 


•201 - 202 

Provides 1.075 MHz to CLK2. 


128 - 133 

Provides 134.4 kHz to CLKO. 


128 - 134 

Provides 134.4 kHz to CLK1• 


128 - 202 

Provides 134.4 kHz to CLK2. 


134 - 135 

Connects Timer 0 output to Timer 1 input. 


132 - 135 

Connects Timer 0 output to parallel port 

B6 jumper matrix. 


132 - 133 

Connects parallel port E6 jumper matrix 
to CLKO timer input. 


132 - 134 

Connects parallel port E6 jumper matrix 
to CLK1 timer input. 


132 - 202 

Connects parallel port E6 jumper matrix 
to CLK2 timer input. 


132 - 128 

Connects 134.4 kHz to parallel port E6 
jumper matrix. 


132 - 129 

Connects 1.075 MHz to parallel port E6 
jumper matrix. 

Gate Inputs 

• 36 - 51 

Provides +5 volts to gate 0 input of 8253 
PIT. 


• 37 - 51 

Provides +5 volts to gate 1 input of 8253 
PIT. 


*Indicates default connection at factory. 


TABLE 4-11 BLC-80/24,-80/28 TIMING JUMPER COKPIGURATIONS 


FUNCTION 

JUMPER 

PAIR 

DESCRIPTION 

9.68 MHz Clock 

•125 - 126 

Use for 4.84 MHz operation. 

4.84 MHz Clock 

124 - 125 

Use for 2.42 MHz operation. 

4.84 MHz Clock 

156 - 157 

Uae for 2.42 MHz operation. 

8224 OSC Output 

*138 - 139 

Connects 8224 OSC output to U53 counter. 


* Indicates default connection at factory. 
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Tl^LE 4-12 


HULTIBUS INTERFACE JUMPER CONNECTIONS 


FUNCTION 

JUMPER 

PAIR 

DESCRIPTION 

MULTIBUS SIGNALS 
AACK/ 

BPRO/ 

BCLK/ 

CCLK/ 

PFSR/ 

162 - 163 
*160 - 161 
*158 - 159 
*164 - 165 

53 - XX 

Connects AACK/ signal frcMn PI-25 

Connects BPRO/ to PI-16 

Connects BCLK/ to PI-13 

Connects CCLK/ to PI-31 

Connects PFSR/ to selected Port E6 bit. 


* Indicates default connection at factory 






Chapter 5 


SYSTEM INTERFACING 


5.1 IHTRODOCTION 

The BIC-80/24,-80/28 connectors are used to interface the board iiith other system 
components• Off-board system access is provided by the System Bus (MULTIBUS) 
connector (PI) and the auxiliary connector (P2). Off-board peripheral operations 
are handled through 48 parallel I/O lines (connectors J1/J2), a serial 

communications channel (connector J3), and two special purpose Board Level 
Expansion (BLX) connectors (J5 and J6). 

This chapter defines the connectors and compatible connector hardware and lists 
the signals and their functions. 

5.2 CONNECTORS 

The BLC-80/24,-80/28 board connector locations are illustrated in Figure 5-1. 
Table 5-1 lists recommended suppliers for such connectors. Detailed information 
for the BLC-80/24,-80/28 connectors are listed in tabular form as follows: 

• PI - System bus interface. Table 5-2 lists the PI connector pin 

assignments. Table 5-3 lists the PI signal functions. 

• P2 - Auxiliary interface. Table 5-4 lists the P2 connector pin 

assignments. Table 5-5 lists the P2 signal definitions. 

• J1/J2 - Parallel I/O interface. Table 5-6 lists the J1 connector pin 
assignments and signal functions. Table 5-7 lists the J2 connector pin 
assignments and signal functions. 

• J3 - Serial I/O interface. Tables 5-8 and 5-9 lists the J3 connector pin 
assignments and signal functions. 

• J5/J6 - BLX Expansion nodule interface. Table 5-10 lists the J5 and J6 
connector pin assignments. Table 5-11 lists the J5/J6 signal functions. 


5.2.1 System Bus Cbnnectors PI and P2 

System Bus (MULTIBUS) connector PI and auxiliary connector P2 interface the 
BLC-80/24,-80/28 board signals and povier lines to the other boards in the user’s 
system. Pin assignments for PI and P2 are listed in Tables 5-2 and 5-4, 
respectively. Signal definitions are provided in Table 5-3 and 5-5. 
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TABLE 5-1 CXIMPATIBLE CONNECTORS FOR BLC-80/24,-80/28 



CONNECTOR 



FUNCTION 

TYPE 

VENDOR 

VENDOR PART NO. 

MULTIBUS 

Solder PCB 

ELFAB 

BS1562043PBB 

Connector 


VIKING 

2KH43/9ANK12 

PI 

Wire Wrap 

EDAC 

337-086-0540-201 


(no ears) 

ELFAB 

BW1562D-43PBB 


Wire Wrap 

EDAC 

337-086-540-201 

• 

(with 0.128 
mounting )K>les) 

ELFAB 

BW1562A-43PBB 

Auxiliary 

Wire Wrap 

EDAC 

345-060-524-802 

Connector 


ELFAB 

BS1020A-30PBB 

P2 

With 0.128 

T1 

H421121-30 


mounting holes 

VIKING 

3KH30/9JNK 


No EARS 

EDAC 

345-060-540-201 



ELFAB 

BW1020D-30PBB 

Parallel I/O 

Flat Crimp 

3M 

3415-0001 (w/o ears) 

Connector 


3M 

3415-0000 (w/ears) 

J1/J2 


AMP 

88083-1 



ANSLEY 

609-5015 



SAE 

S06750 Series 


Soldered 

GTE 

6AD01-25-1A1-DD 



MASTERITE 

NDD8GR25-DR-H-X 



MICROPLASTICS 

MP-0100-25-DP-1 



VIKING 

3KH25/9JN5 


Wire Wrap 

VIKING 

3KH25/J105 



TI 

H421011-25 



ITT CANNON 

BC4A050A1A 

Serial I/O 

PCB Soldered 

AMP 

1-583715-1 

Connector 

Mounting holes 

EDAC 

345-026-520-202 

J3 

Flat Crimp 

3M 

3462-0001 



AMP 

88373-5 


Soldered 
pierced tail 

EDAC 

345-026-500-201 


Wire Wrap 

EDAC 

345-026-540-201 

BLX Connector 

Soldered PCB 

VIKING 

293-001 

J5/J6 

Soldered PCB 

VIKING 

292-001 

.. . -. 


MOTES: 


Connector heights are not warranted to conform to the user's 
packaging equipment. 


2. Itie National Semiconductor mother boards are mechanically 
compatible with these connectors and wire%rrap pins. 
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TABLE 5-2 (cont.) 



(COMPONEIfr SIDE) 

(SOLDER SIDE) 


PIN 

MNEMONIC 

DESCRIPTION 

PIN 

MNEMONIC 

DESCRIPTION 


75 

GND 

Signal GND 

76 

GND 

Signal GND 

POWER 

77 


Reserved 

78 


Reserved 

SUPPLIES 

79 

-12V 

-12Vdc 

80 

-12V 

-12Vdc 


81 

••-5V 

+5Vdc 

82 

+5V 

+5Vdc 


83 

+5V 

-5Vdc 

84 

+5V 

+5Vdc 


85 

GND 

Signal GND 

86 

GND 

Signal GND 


HOTE: All odd-nuiBbered pins (1, 3, 5 ••• 85) are on component side of the 

board. Pin 1 is the left most pin when viewed from the component side 
of the board with the extractors at the top. All unassigned pins are 
reserved. 





TABLE SoS (cont.) 



CCLK/ 

Constant clocki provides a clock signal of constant frequency 
(9.677 MHz) for use by optional Memory and Z/0 expansion 
boards. CCUH/ has period of 103.3 nanoseconds, 50% duty 
cycle. 

INTO/ - INT7/ 

Eternally generated interrupt requests. 

ADRO/ - ADRP/ 

16 Address lines; used to transmit the address of the memory 
location or I/O port to be accessed. ADRF/ is the most 
significant bit. 

DATO/ - DAT7/ 

Bi-directional data lines; used to transmit/receive 
information to/from a memory location or I/O port. DAT7/ is 
the most significant bit. 

CBRQ/ 

Common Bus Request; indicates that a bus master wishes control 
of the bus but does not presently have control. As soon as 
control of the bus is obtained, their requesting bus 
controller raises the CBRQ/ signal. 


TABLE 5>4 CONNECTC^ P2 PIN ASSIGIWENrS 


PIN 

ASSIGNMENT 

SIGNAL 

MNEMONIC 

DESCRIPTION 

P2-1, 2 

Signal GND 

Battery Ground 

P2-21, 22 



P2-3 

+5V AUX 

Battery +5V Power Input 

P2-4 



P2-13 

PPSR/ 

Prnier Fail Sense Reset 

P2-17 

PFSN/ 

Power Fail Sense 

P2-19 

PFIN/ 

Power Fail Interrupt 

P2-20 

MPRO/ 

Memory Protect 

P2-28 

HALT/ 

Halt Irsiicator 

P2-32 

ALE 

Bus Master ALE 

P2-38 

ADX RESET/ 

System Reset Switch Input 
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5«2.2 Parallel I/O Connectors J1/J2 


Parallel I/O ports E4, E5, E6, E8, E9 and EA are controlled by two 8255 Parallel 
Peripheral Interface (PPI) devices on the BLC-80/24r-80/28 board. 'Oie I/O ports 
are connected to the user's external equipment via edge connectors J1 and J2 (J1 
connector handles ports E4f E5, E6 and connector J2 handles ports E8, E9, and 
BA). Pin assigiments and signal functions for edge connectors J1 and J2 are 
provided in Tables 5-6 and 5-7, respectively. 


5.2.3 Serial I/O Connector J3 

Pin assignments and signal names for the serial I/O port interface connector (J3) 
are listed in Table 5-8. TVo cables are required for interfacing to this 
connector. One cable assembly consists of a 25 conductor flat cable with a 
26-pin board edge connector at one end and an RS232C interface connector at the 
other end. A second cable assembly consists of an RS232 connector on one end and 
spade lugs on the other end. Itie spade lugs are used to connect the cable to a 
teletypewriter. 

For user applications where cables will be made for the BliC-80/24,-80/28 board it 
is important to note that the mating connector for J3 has 26 pins, whereas the 
RS232C connector has 25 pins. Consequently, %ihen connecting the 26-pin mating 
connector to a 25-pin conductor flat cable, the user must be sure that the cable 
makes contact with pins 1 and 2 of the mating connector and not pin 26. Table 
5-9 provides pin correspondence between connector J3 and the RS232C connector. 
When attaching the connector to J3, the user must be sure that the board edge 
connector is oriented properly with respect to pin 1 on the board. 


5.2.4 BLX Connectors J5 and J6 

The BU:-80/24,-80/28 board is equipped vdth two Board Level Expansion (BLX) bus 
connectors (J5 and J6). Ifiis allo%fs on-board I/O expansion, using optional BLX 
Expansion Hodule boards (i.e., BLX-350 Parallel Port board, BLX-351 Serial port 
board, etc.). Table 5-10 provides the BLX bus connector pin assignments, and 
Table 5-11 provides signal descriptions. Each of the two connectors has 
identical pin assignments and physical layout. 
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TABLE 5>7 CX>NNECTOR J2 PIN ASSIGNMENTS 


PIN 

SIGN^ 

PIN 

SIGIPIL 

1 

GND 

2 

PORT E9 - BIT 7 

3 

GND 

4 

PORT E9 - BIT 6 

5 

GND 

6 

PORT E9 - BIT 5 

7 

G!0 

8 

PORT E9 - BIT 4 

9 

GND 

10 

PORT E9 - BIT 3 

11 

GND 

12 

PORT E9 - BIT 2 

13 

GND 

14 

PORT E9 - BIT 1 

15 

GND 

16 

PORT E9 - BIT 0 

17 

GND 

18 

PORT EA - BIT 3 

19 

GID 

20 

PORT EA - BIT 2 

21 

GND 

22 

PORT EA - BIT 1 

23 

GND 

24 

PORT EA - BIT 0 

25 

GND 

26 

PORT EA - BIT 4 

27 

GND 

28 

PORT EA - BIT 5 

29 

GND 

30 

PORT EA - BIT 6 

31 

GND 

32 

PORT EA - BIT 7 

33 

GND 

34 

PORT E8 - BIT 7 

35 

GND 

36 

PORT E8 - BIT 6 

37 

GND 

38 

PORT E8 - BIT 5 

39 

GND 

40 

PORT E8 - BIT 4 

41 

GND 

42 

PORT E8 - BIT 3 

43 

GND 

44 

PORT E8 - BIT 2 

45 

GND 

46 

PORT E8 - BIT 1 

47 

GND 

48 

PORT E8 - BIT 0 
EXTERNAL INTERRUPT 

49 

GND 

50 

OR + 5V OR OPEN 


NOTES: 

1. All odd-numbered pins are on the component side of the board. Pin 
rightmost when board is viewed with I/O connectors on top. 

2. Cable connector numbering convention may not agree «rith board edge 
connector numbering. 


is 
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TABLE 5-9 RS232C SIGNALS PIN CORRESPONDENCE 


(25-Pin to 26-Pin) 


SIGNAL NAME PIN 

J3 

25-PIN 

CONNECTOR 

Protective Ground 


1 

Secondary Transmitted Data 

1 

14 

Transmitted Data 

4 

2 

Transmitter Signal Element Timing 

3 

15 

Received Data 

6 

3 

Secondary Received Data 

5 

16 

Request to Send 

8 

4 

Receiver Signal Element Timing 


17 

Clear to Send 


5 

(No connection) 


18 

Data Set Ready 

12 

6 

Secondary Request to Send 

11 

19 

Signal Ground 

14 

7 

Data Terminal Ready 

13 

20 

Received Line Signal Detect 

16 

8 

(No connection) 

15 

21 

(No connection) 

18 

9 

Ring Indicator 

17 

22 

(No connection) 

20 

10 

TTY Adapter Power (-12V) 

19 

23 

TTY Adapter Power (+12V) 

22 

11 

Transmitter Signal Element Timing 

21 

24 

(No connection) 

24 

12 

(+5V) 

23 

25 

Secondary Clear to Send 

26 

13 

Signal Ground 

25 

No 

Connection 
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TABLE 5-11 BLX BUS SIGNAL INSCRIPTIONS FOR CONNECTOR J5/J6 


i<mD/ 

Commands the BLX board to perform the read operation* 

lOlfRT/ 

Commands the BLX board to perform the write operation* 

HRESET/ 

Initialises the BLX board to a kno%m internal state* 

NCSO/ 

Chip select* Selects I/O addresses C0-C7 on the J5 BLX board and 

addresses F0-F7 on the J6 BLX board* 

HCS1/ 

Chip select* Selects I/O addresses C8-CF on the J5 BLX board and 
addresses F8-FF on the J6 BLX board. 

MAO-2 

Least three bits of the I/O address. Used in conjuction %dth the 
chip select and command lines. 

MPST/ 

BLX present indicator. Informs BLC-80/24,-80/28 board that a BLX 
board(s) is installed. 

MINTRO-I 

Interrupt request lines from the BLX board to the BLC-80/24,-80/28 
board interrupt matrix. 

MWAIT/ 

Causes BLC-80/24,-80/28 board to execute wait states until BLX board 
is ready to respond. 

MCLK/ 

9.68 MHz BLX board timing reference from BLC-80/24,-80/28 board. 

OPTO-1 

Optional use lines. May be used for additional interrupt request 
lines. 

MDO-7 

Bidirectional data lines. 
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Appendix D 



8085 INSTRUCTION SET DESCRIPTION 


D.1 8085 INSTRUCTIONS 

Data in the 8085 are manipulated in vpords of 8 binary digits: 

DATA WORD 



MSB LSB 

When a register or data word contains a binary number, it is necessary to 
establish the order in which the bits of the number are written. In the 8085, 
BIT 0 is referred to as the Least Significant Bit (LSB), and BIT 7 (of an 8-bit 
number) is referred to as the Most Significant Bit (MSB). 

The 8085 program instructions may be one, two or three bytes in length. Multiple 
byte instructions must be stored in successive memory locations? the address of 
the first byte is always used as the address of the instruction. The exact 
instruction format depends on the particular operation to be executed. 

Single-Byte Instructions 



Op Code 


Two-Byte Instructions 


Byte One 

°7 







°0 










Byte Two 

°7 

D 

D 

D 

D 

D 

D 

°0 


Op Code 


Data or 
Address 
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Register - The branch instruction indicates that the HL register contains 
Indirect the address of the next instruction to be executed. The 

high-order bits of the address are in the H register, the 
low-order bits in the L register. 

The RST instruction is a special one-byte call instruction (usually used during 
interrupt sequences). RST includes a three-bit field; program control is trans¬ 
ferred to the instruction whose address is eight times the contents of this 
three-bit field. 


D.l.2 Condition Flags 

There are five condition flags associated with the execution of the 8085 
instructions. They are Zero, Sign, Parity, Carry, and Auxiliary Carry. Each is 
represented by a 1-bit register in the CPU. A flag is reset by forcing the bit 
to 0. Unless otherwise indicated, when an instruction affects a flag, it does so 
in the following manner; 


Zero 


- if the result of an instruction has the value 0, this flag is 
set; otherwise it is reset. 


Sign - if the most significant bit of the result of the operation has 

the value of 1, this flag is set; otherwise it is reset. 

Parity - if the modulo 2 sum of the bits of the result of the operation 
is pf, (i.e., if the result has even parity), this flag is set; 
otherwise it is reset (i.e., if the result has odd parity). 


Carry - if the instruction resulted in a carry (from addition), or a 

borrow (from subtraction or a comparison) out of the high-order 
bit, this flag is set; otherwise it is reset. 


Auxiliary - if the instruction caused a carry out of bit 3 and into bit 4 of 
Carry the resulting value, the auxiliary carry is set; otherwise it is 

reset. This flag is affected by single precision additions, 
subtractions, increments, decrements, comparisons, and logical 
operations, but is principally used with additions and 
increments preceding a decimal adjust accumulator (DAA) 
instruction. 


D.1,3 Coding of Conditions 

A condition is coded in bits 3-5 of the op code of branch and call instructions, 
as follows; 

000 No zero (NZ); Condition Flag Z=pr 
001 Zero (Z); Condition Flag Z=1 
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Data transfer 



Arithmetic 


Logical 


Branch 


Stack 


These instructions move data between registers or between 
memory and registers. 

These instructions add, subtract, increment or decrement data 
in registers or memory. 

These instructions perform logical transformations of data in 
registers or memory; they rotate a number, complement a number, 
AND, OR, XOR and COMPARE two numbers. 

These instructions perform conditional and unconditional jumps 
to different places in the series of instructions. 

These instructions access the stack. 


I/O and Machine 
Control 


These instructions access the I/O ports, set or reset condition 
flags and directly control some aspects of processor 
operation. 


SECTION 


PAGE 


D,1.7 Data Transfer Instructions ... D-7 


[MOV rl, r2 
MVI r,data 
LDA addr 
LHLD addr 


MOV r,M 
MVI M,data 
STA addr 
SHLD addr 


MOV M,r 
LXI rf|,datal6 


LDAX Th STAX XCHG] 


SECTION PAGE 


Arithmetic Instructions .. 

[ADD 

r 

ADD 

M 

ADI 

data 

ADC 

r 

ADC 

M 

AC I 

data 

SUB 

r 

SUB 

M 

SUI 

data 

SBB 

r 

SBB 

M 

SBI 

data 

INR 

r 

INR 

M 

INX 


DCR 

r 

DCR 

M 

DCX 


DAD 

Th 

DA A 3 
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D.1 .7 


Data Transfer Instruction 



[MOV rl,r2 MOV r,M MOV M,r 
MVI r,data MVI M,data LXI rp, data 16 
LDA addr STA addr LHLD addr LDAX rp STAX 
rp XCHG] 


Function - transfers data between registers or between a register and memory. 
Data may be transferred one byte at a time or two bytes at a time, depending on 
whether a single register or a register pair is specified by the instruction. 
Condition flags are not affected by any instruction in this group. 


Move (MOV) 

Function - transfers a single byte of data between registers or between a 
register and memory. Instruction formats: 




MOV rl, 


MOV r,M 


0 1 D D 

D 

S S 

S 

(Move Register) 

(rlX- 

(r2) 


Register r2 content 

is moved to register rl• 

Cycles: 

1 



States: 

5 



Addressing: 

register 


Flags; 

none 


(Move from Memory) (r)<-((H)(L)) 


The content of the 

memory location 

whose 

registers H and L is 

moved 

to register 

r. 

_ 0 1 D D 

D 

1 1 

0 

Cycles: 

2 



States: 

7 



Addressing: 

register indirect 

Flags: 

none 



(See D.1.4) 


address is 


in 
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Load Register Pair Immediate (LXI) 


Function - loads a ^6-bit operand into a specific 16-bit register. Instruction 
format: 

LXI rji^data 16 (Load Register Pair Immediate) (rL)<-byte 2 

^^H)<“byte 3 

Byte 3 of the instruction is moved into the high-order 
register (Rjj) of the register pair rp. Byte 2 of the 
instruction is moved into the low-order register (R^) of 
the register pair rp. 


Byte 1 


Byte 2 


Byte 3 


0 

0 

R R 

0 

0 

0 1 

(See D.1 

1 .5) 





L 


low-order 

data 




1_ 


high-order 

data 




MVI M,data (Move to Memory Immediate) ((H) (L))<-data 

Byte 2 of the instruction is moved to the memory location 
whose address is in registers H and L. 


Byte 1 


L.. 0. 

0 

1 

1 

0 

1 

1 

0 


Byte 2 


data 


Cycles: 

States: 

Addressing: 

Flags: 


3 

10 

immediate/register indirect 
none 
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store Accumulator Direct (STA) 



Function - stores accumulator content in a memory location specified by the two 
bytes immediately following the op code. Instruction format; 


STA addr 

(Store Accumulator 

Direct) 

(addr)<-(A) 





Byte 1 1 0 

0 1 

J_1.-1 ..0^ 

0 

1 

0 


Byte 2 


low-order data 


Byte 3 


high-order data 


Cycles: 
States; 
Addressing: 
Flags: 


4 

13 

direct 

none 


Load H and L Registers Direct (LHLD) 

Function - loads two consecutive bytes from memory into H and L registers 
(H-Pair). Ilie address of the first byte is specified by the two bytes 
immediately following the op code. The address of the second byte is the next 
higher address. Instruction format: 

LHLD (Load H and L Direct) (L)<-(addrn addrL) 

(H)<-(addrH addrL+1) 

The content of the memory location vdiose address is specified 
in byte 2 and byte 3 of the instruction is moved to register 
L. 'ttie content of the memory location at the succeeding 
address is moved to register H, 


Byte 1 

1 0 

0 

1 0 1 

0 

1 . 

0 








Byte 2 



low-order addr 



_1 


Byte 3 [ 


high-order addr 


Cycles: 5 

States: 16 

Addressing: direct 

Flags: none 
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store Accumulator Indirect (STAX) 


< ] Function - stores accumulator content in memory location specified by register 

pair (rp) content. Only register pair B or D may be used as register pair. 
Instruction format: 

STAX r^ (Store Accumulator Indirect) ((rp))<-(A) 

Register A content is moved to the memory location vrtiose 
address is in the register pair (rp). Note; r^ is 
restricted to B (registers B and C) or D (registers D and 
E). 



0 

R 

R 

0 

0 

1 

0 


(RR is 00 or 01 ) 


Cycles; 
States; 
Addressing; 
Flags; 


2 

7 

register indirect 
none 


Exchanged H and L with D and E (XCHG) 

:- 

Function - interchanges data between register pairs H and D, Instruction 
format; 

XCHG (Exchange H and L with D and E) (H) <-> (D) 

(L) <-> (E) 

Registers H and L content is exchanged with that of registers D 
and E respectively. 


L_i_I 

1 

1 

.-O..I 

1 

0 

1 I 

1 


Cycles: 
States; 
Addressing; 
Flags: 


1 

4 

register 

none 
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ADI data (Add Immediate) 


(A)<-(A) + data 



ADC r 


ADC M 


The- second byte of the instruction added to the accumulator 
content. The result is placed in the accumulator. 


Byte 1 


1 

0 

0 

0 

1 

1 

0 


Byte 2 


data 


Cycles: 
States: 
Addressing: 
Flags; 


2 

7 

immediate 

Z,S,P,CY,AC 


(Add Register with Carry) (A) = (A) + (r) + (CY) 

Register r content and the carry bit are added to the accumulator 
content, Ihe result is placed in the accumulator. 



Cycles: 
States: 
Addressing: 
Flags: 


1 

4 

register 

Z,S,P,CY,AC 


(Add Memory with Carry) (A)<-(A) ((H) (D) + (CY) 

The content of the memory location whose address is in the H and 
L registers and the CY flag are added to the accumulator. "Kie 
result is placed in the accumulator. 


1 

0 

0 

0 

1 

1 

1 

0 


Cycles: 

States: 

Addressing: 

Flags: 


2 

7 

register indirect 
Z,S,P,CY,AC 
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SUB M (Subtract Memory) {A)<-(A) - ((H) (L)) 

The- content of the memory location v^ose address is in the H and 
L registers is subtracted from the accumulator content. The 
result is placed in the accumulator. 


1 

- 0-1 

0 

1 

0 

1 

1 

0 


Cycles; 

States; 

Addressing; 

Flags; 


2 

7 

register indirect 
Z,S,P,CY,AC 


SUI data (Subtract Immediate) (A)<-(A) - data 

The second byte of the instruction is subtracted from the content 
of the accumulator content. The result is placed in the 
accumulator. 


Lil 

0 

1 

0 

1 

1 

0 


Cycles; 
States; 
Addressing; 
Flags; 


2 

7 

immediate 

Z,S,P,CY,AC 


SBB r (Subtract Register with Borrow) (A) = (A) - (r) - (CY) 

Register r content and the CY flag are subtracted from the 
accumulator. The result is placed in the accumulator. 


1 

0 

0 

1 

1 

S 

S 

s 


(See D.1.4) 


Cycles; 
States; 
Addressing; 
Flags; 


2 

7 

register indirect 
Z,S,P,CY,AC 
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INR M (Increment Memory) ((H)(L))<-((H)(L)) + 1 

The- content of the memory location v^ose address in the H and L 
registers is incremented. Note; All condition flags except CY 
are affected. 


0 

1 

1 

0 

1 

0 

0 


Cycles; 

States; 

Addressing; 

Flags; 


3 

10 

register indirect 
2i f S f F f AC 


INX r^j (Increment Register Pair) (rp)<-(rp) + 1 

Register pair (r^ tl) content is incremented. Note: No 

condition flags are affected. 


i_i 


L_o 


0 


(See D.1.5) 


Cycles: 
States; 
Addressing: 
Flags; 


1 

5 

register 

none 


Decrement Instructions (DCR, DCX) 

Function - decrements a register, memory byte or register pair. Instruction 
formats; 

DCR r (Decrement Register) (r)<-(r) - 1 

Register r content is decremented. Note; All condition flags 
except CY are affected. 


L 0 


0 


D 


(See D.1.4) 


Cycles: 
States: 
Addressing; 
Flags; 


1 

5 

register 

Z,S,P,AC 
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(See D.1.5) 


Cycles: 

States: 

Addressing: 

Flags: 


3 

10 

register 

CY 


Decimal Adjust Accumulator (DAA) 

Function - adjusts the eight-bit number in the accumulator to form two four-bit 
binary coded-decimal digits by the following process: 

1. If the value of the least significant 4 bits of the accumulator is 
greater than 9 or if the AC flag is set, 6 is added to the accumulator. 

2. If the value of the most significant 4 bits of the accumulator is now 
greater than 9, or if the CY flag is set, 6 is added to the most 
significant 4 bits of the accumulator. 

DAA (Decimal Adjust Accumulator) 

NOTE: All flags are affected according to the standard rules. 


Cycles: 
States: 
Flags: 


3 

10 

Z,S,P,CY,AC 


D.1.9 Logical Instructions 


[ANA 

r 

ANA 

M 

ANI 

data 

XRA 

r 

XRA 

M 

XRI 

data 

ORA 

r 

ORA 

M 

ORI 

data 

CMP 

r 

CMP 

M 

CPI 

data 

RLC 


RRC 


RAL 

RAR 

CMA 


CMC 


STC] 



Function - performs logical (Boolean) operations on data in registers or memory 
and on condition flags; unless otherwise indicated, the Zero (Z), Sign (S), 
Parity (P), Auxiliary Carry (AC) and Carry (CY) flags will be affected according 
to the standard rules. The instructions are: AND, OR, XOR, compare, rotate, and 
COTiplement. 
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Exclusive OR (XRA, XRI) 


Function - 
accumulator 
format: 

XRA r 


XRA M 


Cycles; 

States: 

Addressing; 

Flags; 


2 

7 

immediate 

Z,S,P,CY,AC 


exclusive-ORs a byte or memory or register content with the 
content, and places the result in the accumulator. Instruction 


(Exclusive OR Register) (A)<-{A)¥{r) 

Register r content is exclusive-ORd with the accumulator content. 
The result is placed in the accumulator. The CY and AC flags are 
cleared. 


10 10 

1 S S S 

(See D.1.4) 

SSS - Source Register 


Cycles; 

States; 

Addressing; 

Flags; 

1 

4 

register 

Z,S,P,cy,AC 

(Exclusive OR Memory) 

(A)<-(A)¥((H)(L)) 

The content of the memory location whose address 
the H and L registers is exclusive-ORd with 
content. The result is placed in the accumulator, 
flags are cleared. 

10 10 

1110 

Cycles; 

States; 

Addressing; 
Flags: 

2 

7 

register indirect 
Z,S,P,CY,AC 
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ORA M 


(OR Memory) 


(A)<-{A) V ((H) (D) 


The content of the memory location %idiose address is contained in 
the H and L registers is ORd with the content of the accumulator. 
The result is placed in the accumulator. The CY and AC flags are 
cleared. 


L 1 I 

0 

_lJ 

1 

0 

1 

1 

0 


Cycles: 

States; 

Addressing; 

Flags: 


2 

7 

register indirect 
Z,S,P,CY,AC 


ORI data (OR Immediate) (A)<-(A)V data 


The content of the second byte of the instruction is ORd with the 
accumulator content. The result is placed in the accumulator. 
The CY and AC flags are cleared. 


Byte 1 


Byte 2 


1 

1 

1 

0 

1 

1 

0 


L_1 


data 


Cycles; 
States: 
Addressing; 
Flags: 


2 

7 

immediate 

Z,S,P,Cy,AC 


Compare (CMP,CPI) 

Function - compares the contents of the accumulator with a memory byte or the 
contents of a register or memory location. The condition flags are affected by 
the result, but the content of the accumulator is left unchanged. 
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Byte 1 


L-lJ 

1 

L_lJ 

1 

1 

1 

1 

0 


Byte 2 


data 


Cycles; 
States: 
Addressing: 
Flags: 


2 

7 

immediate 

Z,S,P,CY,AC 


Rotate (RLC, RRC, RAL, RAR) 

Function - recirculate accumulator contents one position to the right or left; 
affect only the Carry flag (CY). Instruction formats: 

RLC (Rotate Left) 


Accumulator content is rotated left one position. That is, all 
bits are shifted one position, with the highest-ordered bit going 
to the lowest-order position. 'Rie CY flag is also set to the 
value shifted out of the highest-order bit position. Only the CY 
flag is affected. 


L_^ 

0 

0 

O- 1 

Ij 

1 

1 


Cycles: 1 

States: 4 

Flags: CY 


RRC (Rotate Right) 

Accumulator content is rotated right one position. ISiat is, all 
bits are shifted right one position, with the lowest-ordered bit 
going to the highest-order position. The CY flag is also set to 
the value shifted out of the low order bit position. Only the CY 
flag is affected. 
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CMA 


(Complement Accumulator) 


(A)<-(A) 



Cycles: 1 

States: 4 

Flags: none 


Complement Carry and Set Carry (CMC, STC) 

Function - directly control the setting of the Carry flag? affects no other 
flags. Instruction formats: 

CMC (Complement Carry) (CY)<-(CY) 

The CY flag is complemented. No other flags are affected. 



Cycles: 1 

States: 4 

Flags: CY 


STC (Set Carry) (CYX-I 

The CY flag is set to 1. No other flags are affected. 



Cycles: 1 

States: 4 

Flags: CY 
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Conditional jump instructions occur for any condition flag except Auxiliary Carry 
) (AC). Instruction formats: 

JMP addr (Unconditional Jump) (PC)<-addrn addr 

Control is transferred to the instruction vdiose address is 
specified in byte 3 and byte 2 of the current instruction. 


Byte 1 


L_U 

L_i_l 

0 

0 

0 

0 

1 

1 


Byte 2 


low-order data 






Byte 3 


high-order data 




Cycles: 

3 




States: 

10 




Addressing: 

immediate 




Flags: 

none 

JZ 

addr 

(Jump 

if Z = 1 

If (CCC), (PCX- addrH addrL 

JNZ 

addr 

Jump 

if Z = 0 


JC 

addr 

Jump 

if CY = 1 


JNC 

addr 

Jump 

if CY = 0 


JPE 

addr 

Jump 

if P =1 


JPO 

addr 

Jump 

if P =0 


JM 

addr 

Jump 

if S = 1 


JP 

addr 

Jump 

if S - 0) 



If the specified condition is true, control is transfered to the instruction 
whose address is specified in byte 2 and byte 3 of the current instruction; 
otherwise, control continues sequentially. 


Byte 1 


1 

C 

C 

C 

0 

1 

0 



Byte 2 


low-order data 


Byte 3 


high-order data 


Cycles 

States 

Addressing 

Flags 


3 

10 

immediate 

none 
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If the specified condition is true, the transfers specified 
in the Call instruction (see above) are performed; otherwise 
control continues sequentially. 


L 1 1 

1 

c 1 

c 

c 

1 

0 

0 


Byte 2 


low-order addr 


Byte 3 


high-order addr 


Cycles: 3/5 

States; 11/17 

Addressing: immediate/register indirect 

Flags: none 


Return {RET,RZ,RNZ,RC,RNC,RPO,RPE,RP,RM) 


Function - transfer program control back to a location from v^ich an exit had 
occurred during a Call instruction. 'Hriis is accomplished by transferring, or 
"popping" the top two bytes from the stack into the program counter. Return 
instructions may be unconditional or conditional. Instruction formats: 

RET (Unconditional Return) (PCl)<-((SP)) 

(PCh)<-((SP) + 1) 

(SP)<-(SP) + 2 


The content of the memory location whose address is specified 
in register SP is moved to the low-order bytes of register 
PC. The content of the memory location whose address is one 
more than the content of register SP is moved to the 
high-order bytes of register PC. Itie content of register SP 
is incremented by 2. 


1 

1 

0 

. 

1 

0 

0 

1 


Cycles; 
States: 
Addressing: 
Flags; 


3 

10 

register indirect 
none 
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1 

1 N N 



Cycles: 

States: 

NNN 

LOCATION 

Addressing: 

Flags: 

000 

0000^ 5 


001 

0000-1 6 


010 

o 

o 

o 


011 

001 8-^6 


100 

0020^ 6 


1 01 

0028^ Q 


1 10 

0030-16 


1 11 

0038^6 



3 

11 

register indirect 
none 


15 

14 

13 

12 

11 

10 

9 

7 

6 

5 

4 

3 

2 

1 

0 

1 0 1 

0 

0 

0 

0 

0 

0 

0 


Nl 

_N_i 

N 

0 

0 

0 1 


Program Counter After Restart 


Load PC From H and L Register (PCHL) 

Function - changes the PC by loading the contents of the H register into the 
upper byte of the PC and the contents of the L register into the lower byte of 
the PC. Program control is transferred to the new address. 

PCHL (Jump H and L indirect; move H and L to PC) (PCj^)<-(H) 

(PCl)<-(L) 


1 

1 

1 

1 0 

1 

0 

0 

1 


Cycles; 
States; 
Addressing: 
Flags: 


1 

5 

register 

none 
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Register A content is moved to the memory location whose address is one less than 
register SP. The contents of the condition flags are assembled into a processor 
status word and the word is moved to the memory location vhose address is two 
less than the register SP content. Register SP content is decreased by two. 


L_lJ 

1 

1 

[il 

0 

1 

L . 

_L_J 


Cycles; 
States: 
Addressing: 
Flags: 


3 

11 

register indirect 
none 


Pop (POP B, POP D, POP H) 


Functions - load register pairs %d.th data contained in the stack. Instruction 
formats; 

POP r^ (pop) (rL)<-((SP)) 

(rH)<-((SP) + 1) 

(SP)<-(SP) + 2 

The content of the memory location v^ose address is specified 
.by the content of register Stack Pointer (SP) is moved to the 
low-order register of register pair (rjj r^). The content 
of the memory location \4iose address is one more than the 
content of register SP is moved to the high-order register of 
tl* The content of register SP is increased by two. 
Note: Register pair r^ rj, * SP may not be specified. 


1 

1 

R 

R 

1 

0 

0 

1 


(See D.1.5) 


Cycles: 

States: 

Addressing: 

Flags: 


3 

10 

register indirect 
none 
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SPHL (Move H and L to SP) (SP)<-(H)(L) 

Regis-ters H and L (16-bits) contents are moved to register SP. 


_lJ 


1 

_lJ 

1 

0 

0 

1 


Cycles: 

States: 

Addressing: 

Flags: 


1 

5 

register 

none 


D.1,12 I/O and Machine Control Instructions 

I/O and Machine Control Instruction Group [El DI IN port OUT port HLT NOP 
RIM SIM] Function - transfers I/O data; controls interrupt and machine. Each 
instruction is a single byte which, when executed, does not affect any condition 
flags. 


Interrupt Control (El, DI) 

Function - control interrupts. (See also RIM, SIM). Two instructions are 
provided for the control of interrupts. An enable interrupt (El) must be 
executed before the microprocessor will recognize any interrupt requests from the 
system’s devices. Once the microprocessor recognizes an interrupt, it will 
ignore all further requests until another El is executed. If the prograiomer 
wishes to ignore interrupts, then a disable interrupt (DI) instruction is used. 
Instruction formats: 

El (Enable Interrupts) 

The interrupt system is enabled following the execution of the 
next instruction. 


111110 11 


Cycles: 1 

States: 4 

Flags: none 
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OUT port (Output) (port data)<-(A) 

Register A content is placed on the eight bit bi-directional data 
bus for transmission to the specified port. 


1 

0 

1 

0 

0 

1 

1 


Li 


port 


Cycles: 3 

States: 10 

Addressing: direct 

Flags: none 


Machine Control (HLT, NOP) 

Function - deactivate the microprocessor; stop processing of microprocessor's 
instructions; execute an operation that has no effect. 

Instruction formats: 


HLT (Halt) 



The processor is stopped. The registers and flags are 
unaffected. 


0 

1 

1 

1 

0 

1 

1 

0 


Cycles: 
States: 
Addressing: 
Flags: 


3 

10 

immediate 

none 
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LSB 


A REGISTER 


SIM 


INTERRUPT 

REGISTER 


SERIAL 
DATA OUT 
LATCH 



LSB 


RESET OF 8085 
ZEROES INTERRUPT 
REGISTER AND 
SERIAL I/O 
LATCHES) 


INTERRUPT HASKS 

(1 DISABLES CORRESPONDING 
INTERRUPT) 

BE-12-0 


Figure D-1 Effect of Executing RIM and SIM Instructions 











TABLE D-1 8085 INSTRUCTION SET SUMMARY 






Op Cod* 

07 D6 D6 D4 D3 D2 01 DO 


DRn 


UM 

Load Acaaulatcr Direct 

(AX-Ubyt* JXbyta 2)) 

U»X B 

Load Acctasilauc Indirect 

(AX-UBC)) 

UMX D 

load Mxiaulaccr Indirect 

(AX-((I*)) 

IHLO 

load H and L Direct 

(LX-Ubyte 3)(byte 2)) 

ua • 

load UaHdiate HsBieteie B and C 

(BX-byta 3 
(CX-t^ 2 

Ud D 

load lebadiate BB 9 iBbaca D aid E 

(D)<-byte 3 
(CX-byte 2 

uu u 

load iMsdiate Beqietcre H and L 

(HX-byte 3 
(LX-byte 2 

ua m 

load lebadiata Stacfc taimar 

(SPLX-byte 2 
(Smx-byca 3 

MW N,r 

Move CO Haeocy 

((HL))<-(r) 

•DU c.N 

Nave froB •Maccy 

(rX-UHL)) 

ICV Cl.c2 

Move Begistare 

UlX-(t2) 

MUI M 

Move to Mrenry Uoadiacc 

((KL))<-byte 2 

•lUl r 

Hove UBMdiat* 

(r)<-byte 2 

■fiJD 

Btaca ■ and L Direct 

Ubyta 3) (byte 2)X-(L} 

((byte 3)(byta 2)*1<-(M) 

sn 

Store Accuwlator Direct 

((byte 3)(byu 2))<-(A) 

•TAX B 

toze AccuBulacor Indirect 

((BC)X-(A) 

STAX D 

Store Aonaejlator Indirect 

((DE))<-(A) 

XCHG 

Cachange H and L with 0 and E 

(HX-(D) 

(L»<-(E) 


mnwcnc gkjjp 


ACl i 

Add lanediate with Carry 

(AX-(A) ♦ byte 2 ♦ (CY) 

UC H 

Md Hanory with Canry 

(AX-(A) ♦ ((HL)) ♦ (CT) 

ADC r 

Md Register with Carry 

(AX-(A) ♦ (r) ♦ (Ot) 

ADO H 

Add Nieory 

(AX-(A) ♦ ((BL)) 

ADD r 

Add Register 

(AX-(A) ♦ (r) 

ADI 

Add unadiate 

(A)<-(A) ♦ byte 2 

DM 

OKieal Adjust Accieailacar 

• bit msaier in Acaekiiator 
is oonwrted B> two 4-bit 
BCD ntsMiers. 

DAD B 

Md B aid C to B and L 

(HL)<-(HL) ♦ (BC) 

DAD D 

Add D aid E to H and L 

(HLX-(HL) * (DC) 

DAD H 

Add H aid L to H and L 

(HLX-(HL) (HL) 

DAD SP 

Add Stack Pointer to H aid L 

(lfi.X-(HL) * (SP) 

OCA H 

Dtctaaent Naaory 

((HL)X-((HL)) - 1 

DOR r 

Oecranent ibgister 

(rX-(r) - 1 

DCX B 

Occrtment Ragistere B and C 

(BCX-(BC) - 1 

ora D 

Dccraeant Registera D aid E 

(DE)<-)DE) - 1 

DOC H 

Decrtnent Hegietcra H aid L 

(HL)<-(KL) - 1 

IXX SP 

Oacraecnt Stack Boinbtr 

(SPX-(SP) - 1 

IW M 

Incranent Mnory 

((HL))<-{(HL)) ♦ 1 

INR r 

Incraaent Ibgister 

(tX-(r) ♦ I 

!•« B 

Incraant Ibgisters B aid C 

(BCX-(BC) ♦ 1 

INX O 

Incrament togisters D and E 

(De)<-(De) ♦ 1 

IMX H 

Incranent Hegictera H aid L 

(HLX-(HL) ♦ 1 

INC SP 

Incraant Stack Pointer 

(SPX-(SP) + 1 

SBB M 

SiOtrsct Henory with Borrow 

(A)<-(A)-((HL))-(a) 

SBB r 

Siditract Ibgister with Borrow 

(A)<-(A)-(r)-(CY) 

SBI 

Sidotract Ineediate with Borrow 

(AX-(A)-byte 2-{af) 

SUB M 

Subtract Naaory 

(AX-(A)-((inL)) 

SUB r 

Subtract Register 

(AX-(A)-(r) 

SUl 

Subtract Ueaediate 

(AX-(A)-byte 2 



(A)<-(A)/N((HL)) 

{A»<-(AI^(r) 

(A1<-(AJ_ 

<afl<-(Clf» 

(A)vs.((HU) ) A lacftan^td; 
(A)vs.(r) ) status flaqa 

(A)vs.byt« 2 I altactcd. 
(A)<-(A) V UHL)) 

(A)C-<A) V (r) 

(A)<-(A) V byte 2 
<N>.l)<-(An)s (Clt)<-(A7) 
(*0)<-(CY) 

<*n)<-(An*l)j (OfX-lAO) 
<*7)<-<CY) 

<*ml)<-<An); (A0)<-(A7) 
(Cy)<-(A7) 

(*n)<-t*ml)l (A7)<-(A0) 
<af)<-JAo) 

«CY)<-1 

(A)<-(A) ¥ UHL)) 

(A)<-(A) V (r) 

(AX-(A) V-byte 2 
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TABLE D-1 (cont.) 


Mnamonlc 

DBdcit»lfciin 

OQunUon 



Op Cod* 



Byt** 

Machtn* 

CydM 

Micro 

CyclB* 

Status Flaes 

_ 




D7 D6 D6 D4 

D3 D3 

D1 00 


M 

T 

8 Z AC P CY 

rthcx, I/O, 

MU HMSUNC aamoL oom 














IN 


Input 

(A)<-(port data) 

1 

1 

0 

1 

1 

0 

1 

1 

n 

IBIH 

10 


our 


Output 

(port data)<-(A) 

1 

1 

0 

1 

0 

0 

1 

1 



10 


IB.T 


Halt 

Prooessor is stofgwd, registars 
and flags are ixiaftected. 

0 

1 

1 

1 

0 

1 

1 

0 

H 

HS 

■1 


IDP 


HD cperatioi 

No operation is perfomed, 
registers and flags ace iit- 
atfacted 

0 

0 

0 

0 

0 

0 

0 

0 

■ 

II 

■ 


D1 


DiMble Interrupts 

The Interrupt aystan id dia- 
Milad following the esacution 
of the D1 instruction. 

1 

1 

1 

1 

0 

0 

1 

1 

■ 


■ 


Q 


Mieble Interrupts 

The interrupt systea is en- 
ablad following the esecution 
of the DX instruction. 

1 

1 

1 

1 

1 

0 

1 

1 

1 

■■ 

■ 


MH 


Read Interrupts, Ns^ and 

(A6-Ao)«-(I) 

0 

0 

1 

u 

0 

0 

0 

0 

1 






Serial Ii^t Data 

(A7)«-(SID) 













SIM 


Set Interrupts. Hadis and 

Set Interrupt Register 

0 

0 

1 

1 

0 

0 

0 

0 

1 






Serial Cutput Data 

and SUD latch. 













POP 

B 

tap ikgisters B and C on ^adc 

(C)<-((SP)) 

(B)<-((SP) ♦ 1) 

(SP)<-tSP) ♦ 2 

1 

1 

0 

0 

0 

0 

0 

1 

1 

■■ 

10 


POP 

D 

iUp Mgisters 0 and E off Kack 

(D) <-{(SP)) 

(E) <-((SP) ♦ 1) 

(SP)<-{SP) ♦ 2 

1 

1 

0 

1 

0 

0 

0 

1 

1 


10 


POP 

H 

pop Registers M and L off Stack 

(H)<-((SP)( 

(L)<-((SP) ♦ 1) 

(SP)<-(SP) ♦ 2 

1 

1 

1 

0 

0 

0 

0 

1 

1 

3 

10 


POP 

PW 

Rp AcGUMilator and Plags off 

(CY)<-(lSP))o 

1 

1 

1 

1 

0 

0 

0 

1 

1 

3 

10 




Stack 

(P)<-((SP))2 

(AC)<-((SP))4 
















(Z)<-((SP))4 

(S)<-{(id>))7 
















(AX-dSP) ♦ 1) 

(SPX-(SP) ♦ 2 













PUSH 

B 

Push Registars B and C an Stack 

((SP) - 1)<-{B) 

((SP) - 2)<-(C) 

(SP)<-(SP) - 2 

1 

1 

0 

0 

0 

1 

0 

1 

1 

3 

12 


PUSH 

D 

Rwh Ragitters D and £ on Stack 

((SP) - 1)<-(D) 

((SP) - 2X-{E) 

(SP)<-{SP) - 2 

1 

1 

0 

1 

0 

1 

0 

1 

1 

3 

12 


PU9< 

H 

RjMi Registars H and i. on Stack 

((SP) - 1)<-(H) 

((SP) - 2)<-(L) 

(SP)<-(SP) - 2 

1 

1 

1 

0 

0 

1 

0 

1 

1 

3 

12 


PISH PSM 

Push Anrisail star and Flags on 

((SP) - 1)<-(A) 

1 

1 

1 

1 

0 

1 

0 

1 

1 


12 




Stack 

((SP) - 2)o<-(CT) 

((SP) - 2li<-l 
















((SP) - 2)2<-(P) 

(ISP) - 2)3<-o 
















((SP) - 2)4<-(ac) 

((SP) - 2)5<-0 
((SP) - 2)6<-(2) 

((SP) - 2)7<-is) 

(SP)<-(SP) - 2 










■ 



SPHL 


Have H and L to Stack Pointer 

(SPX-(H)(L) 

1 

1 

1 

1 

1 

0 

0 

1 

1 


6 


xnu. 


Exchange top at &ack with H and L 

(LX—>((SP)) 

(HX—>{{SP) 4 1) 

1 

1 

1 

0 

0 

0 

1 

1 

X 

s 

16 



OOmmCM FUCS MO SIMOUC fULES 


Tticre are five oondition flags «uociatad with tha aaccution at instructlona on 
Uie INSBOBOa. Ihey are Zero, Sign, Parity, Carry, and Aiuiliary Carry, and 
each flag is represented by a 1-bit register in the CPU. A flag is *aet* by 
forcing the bit to 1, *rcaet* by tenreing the bit to 0. The bit positions of 
the fl^ are indicated in the PUSH and POP FW instructions. 

unless indicated otherwise, when an instruction affects a flag, it affects it 
in the following aenner: 


The flags affected these instructions are iSdicatad by a *•* or (wrere uw: 
flag is set or reset) by *1* or *0* in the flag ooiuat in the sdasary taole. 
Plags are not affected by kanen instructions. The notations a, b, c in the 
flag ooltaata are esplainad belcMi 

a. * ■ 1 if (A) - ((ia.))i a - 1 if (A) < ((NL)) 

to. Z > 1 if (A) - (r)) or > 1 if (A) < (r) 


SEK) (Z): 
Slot (S)i 
pAnty (P)i 


CAMtt (CT)! 

AUXILIARY 

emu (AC)! 


It the result at an instruction has the value 0, this flag is 
aati otherwiac, it is reset. 

If the aost significant bit of tha result at the operation 
faa the value 1, this flag ia aat; otherwiaa, it ia reset. 

If the Bodule 2 sisb of the bits of the result of the epare- 
tion is 0 (that is, if the result has even psrity), this flag 
in set: otherwise, it is reset (thst is, if the result hss 
odd psrity). 


c. Z - 1 if (A) - byte 2.- Of - 1 if (A) < byte 2 

In the Hachine Cycias and Nicrocyclcs oolusns, the first niascr of a pair 
(s.g., the 'I* of *3/5*) signifies the naaar of Nechine Cycles or Microcyclas 
that the eiecution of the instruction takes when the oondition is not 

zhe second ludaer of the peir signifies the luaber of Nschine Cycles 
or Microcycles that the sascution of the inatrucuon takae whan the oondition 
ia aatisfiad. 


If the instruction resultad in s esrry (frea addition) or a 
borrow (frae suhtrsction or a oaigiariaan) out of the hi9'~ 
order bit, thia flag Is aati ochetwisc, it is reset. 


If the instruction es us s d a carry out of bit 3 and into bit 4 
of the resulting value, the ausiliary carry ia aet: other¬ 
wise, it is reset. This flag is affcctsd by single-precisian 
additions, aiAitracttans, incraasnts, deenwenta, ooapariacnE, 
and logical eperations; however, AC it uasd principally with 
additions and i ncr — e nts prsoading s OAA (DbcumI Adjust 
Acoasilstor) Instruction. 
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